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Abstract 
The ecology of the Northern Quoll (Dasyurus hallucatus) was studied 
at Kapalga Research Station in Kakadu National Park, Northern Territory 
between August 1992 and May 1995. D. hallucatus is a nocturnal 
carnivorous marsupial (Dasyuridae) which is sexually dimorphic with the 
males weighing on average 760g (maximum 1120g) and the females 460g. 
Since European settlement in Australia, this species has declined from a 
broad band across northern Australia to several disjunct populations. Most 
of the decline has occurred in the extensive lowland savanna habitat, 
leaving remnant populations in dissected rocky plateaux such as Carnarvon 
Gorge (Qld) and the north-west Kimberley region (WA). This study was 
conducted in lowland savanna, where the continued survival of 
D. hallucatus populations appears to be the most tenuous. The aims were to 
investigate the life history and ecological requirements of the species to 
elucidate possible reasons for decline. 
D. hallucatus was opportunistic in den use, using mainly hollows in 
trees, rock crevices, and logs but also termite mounds and burrows in 
accordance with availability. Females used rock crevices more often than 
males, whereas males used logs more often. Each individual used many 
dens and shifted every night. Individuals of both sexes denned solitarily. 
Diet was also opportunistic. D. hallucatus was omnivorous, virtually 
always including insects in the diet but also consuming a wide range of 
vertebrates and fleshy fruits when they were most abundant. Plant 
consumption peaked in the late-wet to early dry season (March-April), 
vertebrate consumption peaked in the mid-dry season (July-August) and 
invertebrate consumption peaked during the late-dry to wet season 
(September-February). Both sexes showed a similar pattern of seasonal 
variation. However, females consumed less vertebrates than males during 
May-June in one year. Juvenile weaning and dispersal coincided with the 
wet season, when invertebrates were most prevalent. There was no 
difference detected between adult and juvenile diet. D. hallucatus appears to 
forage predominantly on the ground and suitable prey was present in all 
habitats in the study area (open forest, woodland, rocky hills and riparian). 
D. hallucatus exhibited a highly synchronous breeding cycle. Within 
the study population in a given year, there was little variation in the timing 
of reproductive events, with the onset of each event usually occurring 
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within a week for all individuals. Mating occurred late May I early June each 
year. Males at this site demonstrated complete post-mating mortality, 
consequently adult males were totally absent from the Kapalga study site 
from September-October each year. Since weight was an unreliable indicator 
of age, it is possible that males in all previously studied D. hallucatus 
populations may also breed only once. Male mortality may have a similar 
aetiology to die-off in the semelparous Antechinus species. Males become 
anaemic, infested with ectoparasites and lose condition and weight. 
However, unlike Antechinus spp., there was no evidence that ulceration 
caused the anaemia in D. hallucatus. Additionally, D. hallucatus testes did 
not senesce, so males could be capable of breeding again if they survived to a 
second mating season. Perhaps this species is an example of the evolution of 
semelparity in progress. For a species of this body size, D. hallucatus has a 
remarkably short lifespan with all males and most females only surviving 
for a single breeding season. The maximum recorded age for wild males was 
17 months and for females, 37 months. 
A single litter of 5-8 young attached to each female's teats in mid-late 
June. Litters of first year females were predominantly male, whereas litters 
of older females were female-biased. Crown-rump length increased linearly 
with respect to time from 0-60 days after birth. The young remained in the 
pouch for about 9 weeks and were deposited in nursery dens in mid-late 
August. During the nursery period, females used more termite mounds and 
less log dens than during the rest of the year. It is likely that the young were 
not fully capable of thermoregulation when first deposited in dens since the 
mothers built simple nests of dry leaves and grass during the first four 
weeks after deposition. Unlike other Dasyurus species _which use one 
nursery den, D. hallucatus mothers shifted the juveniles to different 
nursery dens every few nights, although shifting less often than during the 
rest of the year. Mothers did not forage when moving the young to a new 
den. Mothers stayed with their young in the den during the day. Each night, 
mothers would leave to forage and generally returned once or twice during 
the night for an average of 50 minutes each visit during the early nursery 
denning period decreasing to 30 minutes in the late nursery period. Adult 
and juvenile scats were observed deposited at den entrances mainly during 
October-November, just before the young became independent. This may be 
for hygiene, or as a signal to assist the young relocate the nursery den after 
their first foraging forays. Weaning was gradual, beginning in late October 
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and ending mid-December. The young dispersed in December-February, af 
an age of 6-8 months. The mean distance between successive dens of 
resident females was at its maximum at this time, this may be to assert their 
occupancy of an area by monitoring and scent-marking. 
Female D. hallucatus appeared to be territorial with essentially non-
overlapping denning areas and a home range of about 35 hectares. Male 
home range may be similar in size to females prior to the mating season, 
but expanded during the mating season to over 100 hectares, overlapping 
with several female ranges and with numerous other male ranges. Males 
were found in all habitats whereas females preferred rocky hills. During the 
mating period, males adopted a roving strategy, regularly visiting several 
distant females in rapid succession, presumably to monitor the onset of 
oestrus. Females were visited by several males. This intense physical effort 
by males during the mating period is likely to be a major contributor to their 
physiological decline and subsequent die-off after the mating period. 
The marked sexual dimorphism of D. hallucatus may be the result of 
selection for larger, wider ranging males in a promiscuous mating system 
and for energetically more efficient smaller females, as females rear the 
young alone. 
There was no evidence that toxoplasmosis or any other disease was a 
major contributor to Northern Quoll decline in this region. The main 
proximate cause of mortality for both sexes was predation by dingoes, cats, 
snakes and an owl. Large numbers of males were also killed by motor 
vehicles during their extensive travels during the mating period. Most 
females died during the late dry season, after fires (which burn 55% of 
lowland savanna in Kakadu each year) have removed much of the ground 
cover. Rocky habitat appeared to be preferred by females and those 
occupying this habitat were more likely to survive to a second breeding 
season. No instances of predation of Northern Quolls were recorded on the 
rocky hills, this may be due to a greater number of refuge sites or lower 
predator presence. It is suggested that the decline of D. hallucatus in lowland 
savanna may follow land management practices (such as extensive fire, 
grazing and clearing) that increase the vulnerability of D. hallucatus to 
predators. 
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Chapter 1 
Introduction 
1 
Introduction 
The Northern Quoll (Dasyurus hallucatus, Gould 1842) is a 
polyprotodont marsupial belonging to the Australasian family Dasyuridae. 
This family is species-rich with 51 species known in Australia (Strahan 1995) 
and 15 in New Guinea (Flannery 1995). Dasyurids have similar body shapes 
but range in size from the carnivorous Tasmanian Devil (Sarcophilus 
harrisii, up to Skg) to the diminutive insectivorous Narrow-nosed Planigale 
(Planigale tenuirostris, 5-9 grams; Strahan 1995). Within this family, there 
are six quoll species (genus Dasyurus); four in Australia and two in New 
Guinea. Quolls are immediately distinguishable from other marsupials by 
their white-spotted pelage. All species of quoll are sexually dimorphic with 
the males being larger. 
Of the four Australian quoll species, the Northern Quoll 
(D. hallucatus) is the smallest, weighing up to llOOg. The Chuditch or 
Western Quoll (D. geoffroii) and the Eastern Quoll (D. viverrinus) are 
similar in size, both weighing up to 1300g (Godsell 1995; Serena and 
Soderquist 1995). The Spotted-tailed Quoll (D. maculatus) is the largest 
species of quoll, weighing up to 7kg (Edgar and Belcher 1995). Of the two 
New Guinean species (Flannery 1995), the New Guinea Quoll 
(D. albopunctatus) appears to be slightly smaller than the Northern Quoll, 
whereas the Bronze Quoll (D. spartacus) appears to be closer in size to the 
Chuditch and the Eastern Quoll. 
The diet of the two New Guinean species is poorly known, with 
anecdotal accounts from the indigenous people reporting that both can kill 
vertebrate prey; the New Guinea Quoll is known to eat rats and the Bronze 
Quoll, domestic chickens (Flannery 1995). For Australian quolls, the overall 
importance of vertebrate relative to invertebrate prey for each species 
appears to increase with body size. There are some additional seasonal 
fluctuations in some species (Soderquist and Serena 1994). The largest quoll, 
the Spotted-tailed Quoll, has been recorded to have vertebrates in 99% of its 
scats (Belcher 1995), whereas the medium-sized Chuditch had 75% 
(Soderquist and Serena 1994) and the Eastern Quoll, 26% (Godsell 1983). As 
the Northern Quoll has the smallest body size of the Australian quolls, it 
might be expected that it would eat the least vertebrates. There have been no 
quantitative studies of Northern Quoll diet. Anecdotes suggest that they 
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consume invertebrates (Kitchener et al. 1981; Dixon and Huxley 1985), 
vertebrates (Burbidge and McKenzie 1978; Dixon and Huxley 1985; Tyler and 
Davies 1986) and fruit (Begg 1983; Braithwaite and Griffiths 1994) but the 
relative importance of each is yet to be established. 
All four Australian quoll species are predominantly nocturnal. Some 
species have been observed to be active occasionally during the day (Fleay 
1932; Serena et al. 1991), particularly during the mating period or when cold, 
wet weather has restricted nocturnal foraging (Serena et al. 1991). Adults are 
essentially solitary (Godsell 1983; Serena et al. 1991); hunting and usually 
denning alone. Occasional den sharing has been recorded, particularly in 
high density populations (Godsell 1983). In the two species where spatial 
organisation of both sexes have been studied by radio-tracking, Chuditch 
and Eastern Quoll, male home ranges are larger than female ranges and 
overlap with both female and other male ranges (Godsell 1983; Serena and 
Soderquist 1989). Male Spotted-tailed Quoll home ranges were also found to 
overlap with other male ranges (Watt 1993, no females were radio-tracked). 
Female Chuditch (studied in a relatively low density population) were 
found to be essentially territorial, having little overlap with other females 
(Serena and Soderquist 1989). Whereas Eastern Quoll females, in a high 
density population, overlapped extensively with other females (Godsell 
1983). Although a short term radio-tracking study of Northern Qualls was 
carried out in the Pilbara region (King 1989), inconsistencies between the 
diagrams and data erode confidence in the results. A detailed examination 
of spatial organisation of Northern Qualls has yet to be conducted. 
Because most species of dasyurids including quolls are essentially 
solitary, behavioural interactions are mostly between litter-mates, mothers 
and young, and sexually receptive adults (Morton et al. 1989). In species that 
rarely interact, olfactory communication is very important. Odours are 
produced from glandular areas or in the urine or faeces of dasyurids 
(Morton et al. 1989) and have the advantage of remaining as a marker, days 
and possibly weeks after the animal has moved to another part of its home 
range (Stoddart 1980). The Spotted-tailed Quoll and Chuditch leave scats at 
latrine sites, often in prominent places (Triggs 1996). Faeces of Northern 
Qualls have been observed on termite mounds (Braithwaite and Begg 1995). 
Smaller dasyurids such as the Kowari deposit scats near their burrows and 
on rocks (Triggs 1996). These deposits, in conjunction with other olfactory 
signals, may be to advertise occupancy of an area; where appropriate they 
may assist in maintaining territories and/ or advertising the reproductive 
condition of the resident (Stoddart 1980). 
All quolls become sexually mature at one year old and have one 
breeding season a year. Mating occurs mid-year. The larger three quoll 
species are functionally monoestrous but physiologically polyoestrous 
(Fletcher 1985; Soderquist and Serena 1990; S. Burnett, pers. comm.), this 
allows the few females that lose their litters early on to produce a second 
litter in the same season. Gestation ranges between 2.5-3.5 weeks in all four 
Australian quoll species (Fleay 1940; Fletcher 1985; Hinds 1989; Serena et al. 
1991; Collins et al. 1993; Aitkin et al. 1996). Extant populations of the larger 
three Australian quoll species (as well as the New Guinea Quall, Dwyer 
1983) all possess six teats (Edgar and Belcher 1995; Godsell 1995; Serena and 
Soderquist 1995), whereas D. hallucatus has variable teat numbers, although 
eight is most common. Litter size is limited by the number of teats, and 
within Antechinus species, which also have variable teat numbers (e.g. 
A. stuartii), teat number appears to be highest in seasonal environments 
and lowest where seasonality is dampened (Cockburn et al. 1983; Cockburn 
1991). In the Eastern Quall, up to thirty young are born, but survival is 
limited to the first six to reach a teat (Godsell 1995). This production of 
supernumerary young is also known in Antechinus spp. (Cockburn 1991). 
Quall young are altricial at birth and remain in the pouch for about two 
months. They are then left in a nursery den while the mother forages. There 
is no paternal care of young within Dasyurus spp., although male 
D. maculatus may assist the female to defend the nest site and sometimes 
bring her food (Edgar and Belcher 1995). The conception to weaning period 
for quolls is typically about five-six months. As for all marsupials, they have 
a long period of maternal investment compared to eutherians of similar 
size (Lee and Cockburn 1985). Young are weaned gradually and disperse 
soon after weaning is completed, typically between November-February. 
The three larger Australian quoll species are iteroparous, and both 
sexes can survive to a second and even a third breeding season. However, 
for the species in which age-related reproductive effort has been studied 
(D. geoffroii and D. viverrinus ) most breeding females are in their first 
breeding season (Godsell 1983; Serena and Soderquist 1995). Only a small 
proportion of females survive to breed in a third year in D. viverrinus 
(Godsell 1983). Godsell (1983) recorded increased mortality of males after 
mating. Some species of smaller-bodied dasyurids (e.g. Antechinus spp., 
Phascogale spp.) and two species of didelphids exhibit complete mortality of 
males after mating (die-off; Cockburn 1997). Die-off, results in semelparity, 
males only being able to breed once in a lifetime. Although the underlying 
mechanism of die-off is not yet fully understood, it is considered to be the 
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result of increased androgens and corticosteroids during the mating period, 
leading to immunosuppression and death from- stress-induced diseases and 
gastrointestinal ulceration. In species where high mortality rates reduce the 
chance of breeding a second time, selection is likely to occur for maximal 
effort in the first reproductive bout. Considering the body size of 
D. hallucatus, it would be reasonable to expect iteroparity in both sexes. 
Recent revelations on the life history strategy of D. hallucatus (Dickman and 
Braithwaite 1992) will be discussed later in this Introduction. 
All quoll species are short-lived compared to eutherians of similar 
body size (see Stearns 1992), with a maximum lifespan for the three larger 
Australian species being three to four years in the wild (Godsell 1983; Serena 
et al. 1991; S. Burnett, pers. ·comm.). This short lifespan increases their 
vulnerability to local extinction as a result of any perturbations that affect 
survival and recruitment of any cohort. 
Little is known about the current status of the two New Guinean 
species. The Bronze Quoll appears to have a limited distribution in low 
mixed savanna on the south coast whereas the New Guinea Quoll is 
widespread throughout high altitude rainforest (Van Dyck 1988; Flannery 
1995). There is some suggestion that the New Guinea Quoll has declined 
since the introduction of domestic cats (Dwyer 1983). All Australian quoll 
species have declined in range and abundance since European settlement, 
although the Chuditch has suffered the greatest range reduction. This 
species, which was once abundant throughout the central arid regions of 
mainland Australia, is now only present in the south-west corner of 
Western Australia (Serena and Soderquist 1995). The Eastern Quoll has also 
suffered a major decline of range; it was previously abundant down the east 
coast of the mainland, but is now found only in Tasmania (Godsell 1995). 
The Spotted-tailed Quoll populations on the east coast appear to be 
becoming increasingly fragmented (Edgar and Belcher 1995). The Northern 
Quoll was until recently considered to be secure in abundance and 
geographic range (e.g. see Begg 1983). However, it has now become apparent 
that this species, like its southern congeners, is also declining (Braithwaite 
and Griffiths 1994; Braithwaite and Begg 1995). 
The decline of the three larger species is poorly understood but has 
been attributed to a variety of factors including loss of habitat through land 
clearing and forestry (Edgar and Belcher 1995), habitat alteration caused by 
grazing of rabbits and livestock (Serena et al. 1991), altered fire regimes 
(Burbidge et al. 1988; Serena et al. 1991), competition for food from foxes and 
feral cats (Serena et al. 1991; Morris 1993), predation by introduced predators 
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(Burbidge et al. 1988; Serena et al. 1991; Morris 1993); poisoning (Covacevich 
and Archer 1975; Edgar and Belcher 1995), trapping (Edgar and Belcher 1995), 
and epidemic disease (Wood-Jones 1923; Fleay 1932; Troughton 1951; 
Godsell 1983; Edgar and Belcher 1995) which has been suggested to have 
been toxoplasmosis (Shepherd and Mahood 1978; Caughley 1980). Many of 
the above factors have also been suggested to have contributed to Northern 
Quoll decline (Braithwaite and Griffiths 1994) and the likely impacts of these 
factors will be discussed in the relevant chapters and the final discussion of 
the thesis. To set the thesis in context, this introductory chapter will review 
the palaeontological, archaeological, indigenous, historical and scientific 
knowledge of D. hallucatus, re-examine the distributional data to assess the 
extent of decline and introduce the following chapters. 
The earliest record of D. hallucatus is a fossil from the late 
Pliocene/early Pleistocene fauna at Fisherman's Cliff, south-western NSW. 
It was identified on the basis of the overall size of a single molar and its 
proportionally small metastylar ridge (Marshall 1973) although Crabb (1982) 
considered that it could not be confidently assigned to D. hallucatus due to 
the overlap in dimensions of extant Dasyurus. This locality is well south of 
the historical range of the species. 
Aboriginal people recognised the Northern Quoll, despite it being 
nocturnal and often cryptic, and the species was given a specific name by 
numerous different language groups. Appendix 1 lists some of the 
aboriginal names for D. hallucatus in different areas. 
Despite the Northern Quoll having a reputation for being 
unpalatable (Braithwaite and Griffiths 1994), it was still utilised for food by 
the Australian aboriginal people. Skeletal remains of D. hallucatus were 
located in the top dust at two rock shelter sites in Kakadu National Park 
indicating that they were eaten by the indigenous people last century, 
although they were an uncommon food item (Foley 1985; Jones and 
Johnson 1985). In the 1930s Thomson recorded that East Arnhem Land 
Aboriginals hunted quolls for food but they were not greatly relished on 
account of the odour of their flesh ("buggan tumuro" i.e. big smell; Dixon 
and Huxley 1985, p. 40). However, the Gunwinggu people of West Arnhem 
Land consider the species "good tucker" (Goodfellow 1993, p. 21). They singe 
the hair off, remove the guts (except for the heart and liver) and pack the 
cavity with bush herbs. It is then roasted on coals in a hole (Goodfellow 
1993). Other quoll species were also eaten by Aboriginal people (Johnson and 
Roff 1982; Attenbrow 1987). However, since Northern Quolls, unlike species 
such as Northern Brown Bandicoots, Frillneck Lizards and Little Red Flying 
Foxes, were not a favourite dietary item of the indigenous people (Foley 
1985), it is unlikely that human consumption had a major impact on their 
populations. 
The first recorded observation of D. hallucatus by Europeans was on 
the coast of Queensland in 1770 (Mahoney and Ride 1984). Captain Cook 
made three landings on this coast prior to seeking refuge for his damaged 
ship at the mouth of the Endeavour River, in North Queensland. At one of 
these locations, a specimen was collected which was described as a spotted 
quadruped "of the viverra kind" (Mahoney and Ride 1984, p. 58). Its native 
name was recorded at the Endeavour River as "Taquol", "jaquol", "quoll" 
and "je-quoll" (Mahoney and Ride 1984, p. 57). Although there was some 
subsequent confusion about the identity of this specimen with the specific 
name "quoll" being given to D. viverrinus at one stage, it appears from the 
drawing made by Parkinson in 1773 (with a hallux and no spots on the tail) 
that the specimen was definitely D. hallucatus (Mahoney and Ride 1984). 
Many early European explorers such as Stuart (1862) and Lindsay 
(1884) travelled through regions where D. hallucatus was almost certainly 
present, without mention of the species in their journals. This was likely to 
be a reflection of their greater interest in describing the topography and 
seeking pastoral land rather than in recording wildlife, and consequently 
cannot be taken as indicative of a paucity of quolls. 
6 
There were, however, a few individuals who did record wildlife 
observations. Knut Dahl travelled in northern Australia between 1893-1896, 
recording life history details of fauna he encountered. He reported that 
D. hallucatus was common in Arnhem Land, and most abundant in rocky 
mountain ranges where the crevasses provided a "secure resting place" 
(Dahl 1897, p. 206). He also recorded that it was considered a nuisance in 
meat-stores, eating fat or tallow and that the settlers accused it of wantonly 
murdering chickens. In the 1930-40s, Donald Thomson collected specimens 
and recorded observations of D. hallucatus during expeditions to Cape York 
and west Arnhem Land (Dixon and Huxley 1985). He reported that the 
Northern Quoll was well distributed over the Cape York Peninsula, 
particularly in hills, but nowhere was it common. He, like Dahl, found 
them numerous in Arnhem Land. He also mentioned that a campaign had 
begun to kill them at Little Lagoon Military base in Arnhem Land as they 
were considered a great pest. 
Fifty years later, Braithwaite and Griffiths {1994) reported that 
D. hallucatus has declined from a broad distribution across northern 
Australia to six disjunct populations. These areas are centred on the 
Drummond Range (central Qld), around Cairns (N Qld), northern Cape 
York (Qld), the Top End (NT), north Kimberley (WA) and northern Pilbara 
(WA). As this study was based on records from a limited number of 
institutions, it is obviously desirable to ascertain whether the gaps in recent 
distribution are real or artefacts of insufficient data. 
For this purpose, in this current study locality records for 
7 
D. hallucatus were obtained from both Australian and overseas museums, 
databases, publications, and personal observations and trap records from 
reliable sources (Appendix 2). A total of 919 records were obtained. In 
addition, surveys which have failed to detect Northern Quolls in areas 
where they might be expected, were also considered. The distribution of 
Northern Quolls, using locality records categorised chronologically, is 
shown in Fig. 1. The greater density of points in some areas may reflect 
greater quoll abundance or greater sampling intensity, the latter usually due 
to proximity to human population centres or areas of particular research 
interest. The overall pattern of decline demonstrated supports Braithwaite 
and Griffiths (1994) assessment of contraction of the Northern Quolls range. 
Major range contractions appear to have occurred in southern Queensland, 
the East Kimberley and the Gulf region and decline has occurred in the last 
two decades on Cape York. However, from this current study, it also appears 
likely that the Carnarvon population in central Queensland is now disjunct 
from the coast. Also D. hallucatus appears to have become locally extinct 
from areas of northern Cape York during the colonisation by cane toads 
(Burnett 1997). As Braithwaite and Griffiths (1994) suggested, many of the 
remnant populations appear to be centred on rocky ranges such as the 
Carnarvon Gorge (Qld) and the Pilbara (WA), with the major demise 
occurring in lowland savanna areas. 
Although D. hallucatus did appear to have fared better than the other 
three Australian Dasyurus species following European settlement, it now 
appears to be following a similar path of decline. The short lifespan of this 
species, particularly the complete die-off of males in some populations 
(Dickman and Braithwaite 1992; Braithwaite and Griffiths 1994), predisposes 
it to local extinction if recruitment fails in any given year. Management of a 
declining species requires detailed knowledge of its life history and habitat 
requirements as well as the factors involved in its demise. Yet, D. hallucatus 
has been the subject of comparatively little research. This is probably largely 
due to its being distributed on the northern part of the continent away from 
the main centres of human population and its patchy and low density 
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populations, but also the result of climatic conditions that hinder fieldwork. 
For example, in the wet-dry tropics of the Northern Territory, temperature 
ranges from warm to hot throughout the year (Fig. 2) with extremely high 
humidity during the 'build-up' and wet season from November to March. 
Fieldwork in the wet season is adversely affected by numerous factors 
associated with this climate including lightning storms, dense growth of 3m 
high spear grass, irruptions of mosquitoes and the humidity which 
precludes radio-tracking (the collars cause infections because the quolls are 
constantly damp). In the dry season, fire and high temperatures affect 
fieldwork. 
The earliest reports on the biology of D. hallucatus consisted of largely 
anecdotal accounts of observations on small numbers of animals in 
captivity and in the wild (e.g. Fleay 1962). Nelson and Smith (1971) 
published notes on growth in captivity and Archer (1974) described the male 
erectile organs. More recently, King (1989) studied the effects of 1080 bait on 
the species, Begg (1981) examined the demography of a D. hallucatus 
population on a sandstone outlier near the Arnhem Land Plateau (NT) and 
Schmitt et al. (1989) investigated their ecophysiology in different habitats on 
the Mitchell Plateau (WA). These later two studies appear to have been 
conducted in prime quoll habitat where there is high topographical 
heterogeneity. At these localities, the life history parameters appeared to be 
characteristic of a Strategy II species (sensu Lee et al. 1982) where a 
percentage of males survive for a second breeding season. Recent evidence 
suggests that in the savanna (low topographic heterogeneity) in the 
Alligator Rivers Region, the species exhibits Strategy I where complete post-
mating mortality of males occurs (Dickman and Braithwaite 1992; 
Braithwaite and Griffiths 1994). This is a remarkable phenomenon for a 
species whose males weigh up to 1120g when sexually mature. This 
apparent tendency towards semelparity in savanna habitats combined with 
their overall decline from these habitats, led to this study being conducted 
in savanna. Even in the apparent stronghold of Kakadu National Park, 
D. hallucatus has declined in abundance in the lowland savanna (Morris 
1996), although not as dramatically as other small mammal species 
(Braithwaite and Griffiths 1994; C. Wanganeen, pers. comm.). The present 
study was primarily conducted at Kapalga Research Station (12043'S, 
132025'E), in Kakadu National Park, approximately 200km east of Darwin 
(Fig. 3). The main study site encompassed four savanna habitat types; open 
forest, woodland on low rocky hills, plains woodland and riparian. A 
variety of techniques were used to investigate various aspects of 
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D. hallucatus ecology including their life history and behaviour, ecological 
requirements, health status and proximate causes of mortality in an attempt 
to elucidate basic ecology of the species and to ascertain possible reasons for 
their decline. 
Chapter two describes growth, development and changes in body 
parameters of D. hallucatus from birth to death. By monitoring known age 
individuals, determinants for age estimation were acquired. Since weight 
alone has been used in previous studies for age estimation to suggest that 
some males are iteroparous (Begg 1981; Schmitt et al. 1989), it is important to 
determine whether weight does accurately reflect age. 
Chapter three discusses demography and reproduction, and details 
fecundity of females and survival of both sexes. D. hallucatus exhibits highly 
synchronous breeding, and is the largest species known to undergo complete 
male post-mating die-off in at least some populations. This chapter 
examines intrinsic and extrinsic factors which may be related to the die-off 
to determine whether this phenomenon is similar to the syndrome in 
smaller species of dasyurid such as Antechinus spp. The proximate causes of 
mortality for both sexes, in addition to the circumstances surrounding these 
deaths in this lowland savanna study site may provide some indication of 
the factors involved in the broader scale decline of the species. 
Chapter four considers whether the protozoa! disease toxoplasmosis, 
which has been hypothesised to be responsible for the decimation of 
D. viverrinus populations in the late 1800s/ early 1900s (Wood-Jones 1923; 
Fleay 1945; Troughton 1951), may have had a role in the decline of 
D. hallucatus. 
Chapter five compares seasonal variation in the diet to availability of 
resources. This is of importance since the temporal and spatial availability of 
resources affects the spatial and social organisation of a species 
(Wittenberger 1979; Waser 1981; Ostfeld 1985, 1990; Grant et al. 1992). Since 
D. hallucatus is sexually dimorphic, intersexual differences in diet resulting 
from the larger males being able to subdue larger prey such as vertebrates 
might be expected. Thus the compositions of male and female diet were also 
compared. 
Chapter six examines den and habitat use by D. hallucatus. Dens may 
be important for social contact, protection against environmental hazards or 
predators, assisting thermoregulation and rearing young (Cockburn and 
Lazenby-Cohen 1992; Lindenmayer et al. 1996). This chapter compares den 
use to availability and discusses the probable roles of dens for this species. A 
13 
shortage of suitable dens may limit the density of some species (e.g. 
Brushtail Possum, Cowan 1989), hence whether sufficient dens are available 
in various habitats is important to consider when seeking factors which 
may be contributing to decline of a species. This chapter also compares 
male/female habitat and den preferences. Habitat preferences and the 
consequences of occupying particular habitats on a small scale may be 
extrapolated to the pattern of decline on a broader scale. 
Chapter seven focuses on maternal behaviour. D. hallucatus raise 
their young for approximately two months in a pouch and they are then 
deposited in a den (nursery den) until they become independent at about 5-6 
months old. During this nursery denning period, young are vulnerable 
while the mother goes foraging. Survival of the young at this stage depends 
on den choice, and the mothers' vigilance. Various aspects of maternal 
behaviour are documented including den choice and the number and 
duration of visits to the young each night. 
Chapter eight describes the spatial organisation of D. hallucatus. 
Previously, from trapping studies, it has been suggested that D. hallucatus 
males may defend areas (Begg 1981) and that dominant individuals may 
occur near creeks (Braithwaite and Griffiths 1994). However, male 
territoriality seems unlikely in light of the spatial organisation of males of 
the other three Dasyurus species for whom radio-tracking has shown to 
have ranges that overlap with several other males (Godsell 1983; Serena and 
Soderquist 1989; Watt 1993). This chapter used radio-tracking techniques to 
investigate the spatial organisation and likely mating system of 
D. hallucatus. 
Chapter nine, the final Synthesis, summarises the major findings, 
discusses possible reasons for Northern Quoll decline, and proposes future 
avenues for research. 
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Chapter 2 
Growth, development and age estimation of 
the Northern Quoll, Dasyurus hallucatus 
To be submitted to the Australian Journal of Zoology 
20 
Growth, development and age estimation of the Northern Quoll, Dasyurus 
hallucatus. 
Abstract 
Growth and development of wild Northern Quolls (Dasyurus 
hallucatus) were monitored in lowland savanna of Kakadu National Park, 
Northern Territory. A single litter of 5-8 young attached to the teats of each 
female in mid-late June. Morphological development is described. Crown-
rump length increased linearly with respect to time from 0-60 days after 
birth. Growth rate was similar between years although there was significant 
interannual variation in birthdate. Pouch young were left in the den in 
mid-late August at about 9 weeks of age. During weaning, captive juveniles 
were larger and heavier than wild juveniles hence comparisons for age 
estimation should be treated with caution. Captive juveniles were 
significantly sexually dimorphic in weight at four months of age whereas in 
wild juveniles this did not occur until six months. Body measurements, 
pouch status and month of capture allowed confident age determination of 
wild females to 11 months of age. However, at 11-12 months the skeletal 
measurements of head length, hindfoot length and tail length became 
asymptotic. After first parturition, all females had a stained pouch. 
Although older females tended to be heavier than younger females, there 
was considerable overlap in weight between cohorts so weight alone cannot 
be used for age estimation. Male age could be determined using body 
measurements, weight and month of capture from 5 to 6 months of age. 
However, by 7 months, they were capable of attaining adult body weight (the 
heaviest being 1010g at this age) which varied dramatically between 
captures. Thus weight alone is not a reliable indicator of age for either sex. 
Skeletal measurements for males also appeared to be determinate, reaching 
their maximum at 11-12 months of age. For females and males of known 
age, the pattern of incisor wear was examined and this index allowed the 
ageing of other individuals. Despite adult body weight ranging from 380-
1120g, Northern Qualls were found to be extremely short-lived. The 
maximum recorded age at the study site was 37 months for females and 
only 14 months for males. Males died after a single, short breeding season. 
Previous studies which assumed that some males survived to a second 
breeding season, estimated age on weight alone. Since weight is an 
unreliable indicator, and no male in these studies was caught in two 
successive years, males of this species may breed only once in all 
populations. 
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Introduction 
The Northern Quoll (Dasyurus hallucatus) is the smallest of the four 
Australian Dasyurus species. At the time of European settlement this 
species ranged across northern Australia; from the Pilbara in Western 
Australia, across the Northern Territory including the Gulf Count~ into 
Queensland, and extending down the coast as far south as Yandina. Recently 
it has become apparent that D. hallucatus, like its congeners, is declining in 
both range and abundance. This species appears to now be restricted to 
several disjunct populations, often centred on rocky plateaux (Braithwaite 
and Griffiths 1994). ,it(5ee. ct,·5 -+r.-b"h'or. ~a p 1 C~aphr l) 
Data on growth and development of juvenile Northern Quolls 
(D. hallucatus) from birth to weaning have been limited to descriptive 
studies of captive litters (Fleay 1962; Nelson and Smith 1971). Because 
captive litters grow faster than wild litters (e.g. D. geoffroii, Serena and 
Soderquist 1988), descriptions of captive growth are unsuitable for age 
estimation in the wild. Only a few studies have been conducted on the 
ecology and demography of wild populations of D. hallucatus and these 
were based on monthly or less frequent trapping. Of these, only Begg (1981) 
gave a brief description of growth in crown-rump length and morphological 
changes of pouch young. Braithwaite and Griffiths (1994) mention the 
lengths of pouch young when first observed. 
For trappable animals, (5 months old and over), Schmitt et al. (1989) 
recorded weight, scrotal size, head length and tail diameter in relation to sex 
and time of year (5 trapping sessions/year), and also compared 'first years' 
(juveniles) to adults but gave little detail of growth of these features in 
relation to age. Braithwaite and Griffiths (1994) presented data on change in 
body weight for both sexes, teat length and scrotal width but only in relation 
to age up to 17 months, not for older animals. Begg (1981), reported change 
in scrotal width and body weight in relation to age. Begg (1981), followed by 
Schmitt et al. (1989), suggested that both sexes may survive a second 
breeding season. However, recent evidence suggests that in some 
populations of D. hallucatus, males are semelparous, only surviving one 
breeding season (Dickman and Braithwaite 1992; Braithwaite and Griffiths 
1994). The early studies appeared to base the age estimates for the 'second 
year' males solely on body weight (Begg 1981; Schmitt et al. 1989). None of 
these males had been caught during the breeding season in the previous 
year. The maximum period that Begg (1981) caught an individual male was 
6 months. Since adult sized males were absent between July and January at 
Nawurlandja (formerly Little Nourlangie Rock), they were presumed to 
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have left the population (Begg 1981) and returned early the next year. These 
second year males appear to have been classed as such-on the basis of weight 
alone. Yet, individual quoll weights are known to fluctuate rapidly and 
D. hallucatus has been observed to consume large quantities of food at one 
time (Nelson and Smith 1971; Mcllroy 1981). 
, 
The aim of this chapter is to present growth data and a description of 
morphological changes that will assist age estimation for D. hallucatus in 
the field. To be able to examine the life history strategies of this species in 
different habitats with confidence, it is necessary to ascertain whether 
weight is a reliable indicator of age or whether other measures or 
morphological changes are more appropriate. If weight is found to be 
unreliable for age estimation, and has caused overestimation of age in 
previous studies, then perhaps male semelparity in this species is more 
common than previously assumed. The ability to estimate age for all 
individuals captured in the wild vastly improves the understanding of 
population structure and allows many interesting ecological questions to be 
considered. Aspects such as the effect of age on litter size, litter sex ratio and 
adult survival can then be examined (see Reproduction and Demography 
chapter). 
Methods 
Study area 
The study was conducted at Kapalga Research Station (12043'S, 
132025'E), located approximately 200km east of Darwin in Kakadu National 
Park, Northern Territory. The climate of the wet-dry tropics is strongly 
seasonal. The average annual rainfall at Naramu camp, Kapalga is about 
1200mm (Gill et al. 1996) with almost all of the rain confined to the wet 
season from December-March. The temperature is constantly high ranging 
from a mean monthly maximum of 31 to 37oc (Jabiru, Bureau of 
Meteorology). The coolest period is mid-dry season, June-August. 
Some initial data on reproduction were gained from a preliminary 
trapping site, approximately 20km north of the Arnhem Highway between 
August and October 1992. This site was subsequently abandoned when the 
population declined due to a combination of dingo predation on trapped 
animals and mortality after a late dry season fire. 
The main study site, utilised from November 1992 to February 1995 
was located just north of the Arnhem Highway. This site was categorised 
into four main habitat types; open forest (Eucalyptus tetrodonta, E. miniata), 
plains woodland (E. tetrodonta, E. tectifica, Erythrophleum chlorostachys), 
woodland (Eucalyptus setosa, E. bleeseri) on rocky quartzite hills with a 
maximum altitude of 77m, and a narrow riparian strip (with occasional 
Melaleuca viridiflora and Pandanus spiralis) around a small seasonally 
flowing freshwater creek (see Den and Habitat Use chapter for detailed 
habitat descriptions). The dominant understorey were the annual grasses 
Sorghum spp. The skeletal soils of the woodland and rocky hills were 
gravelly and well-drained while the deeper soils near the creek and in the 
open forest contained more clay and organic matter. 
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The site was part of a landscape scale fire experiment (Andersen et al. 
1997) and was subjected to a 'progressive' fire regime. This regime, which 
consisted of three patchy dry season burns annually, aimed to approximate 
traditional aboriginal burning practices. 
Trapping techniques 
At the main study site, a grid of 6 rows each of 10 traps was 
established in November 1992. The rows were lOOm apart and the traps 50m 
apart in each row. Fifty wire cage traps (Mascot wireworks; 55 x 20 x 20cm) 
and ten Elliott traps (30 x 10 x lOcm) were laid out covering an area of 22.5 
hectares. In 1994, due to low trap success, and taking into account new 
evidence from radio-telemetry that no animals range was entirely enclosed 
within the grid (Spatial Organisation chapter), the grid was reconfigured to 
cover a larger area of 35 ha, comprising 8 rows of 6 traps all lOOm apart (48 
wire cage traps in total). Uneven terrain and the very dense Sorghum (up to 
3m tall) present in the late wet season meant that this was the largest grid 
that could be traversed by one person without leaving the animals in the 
traps too long. All traps were chained tightly to metal stakes and fitted with 
an additional wire catch to prevent dingo predation. Occasional additional 
trapping at occupied dens (located by radio-tracking), beside firebreaks and at 
random locations was also carried out. 
The traps were baited with a mixture of peanut butter, rolled oats, 
mince meat and vegetable oil for 2 consecutive nights/fortnight during 
1992-1993 and 2 consecutive nights/month for 1994-1995. Only minimal 
trapping (with traps being checked a few hours after sunset) was carried out 
from mid-August to mid-October so as not to disadvantage the altricial 
young left in dens. Trap checking commenced at dawn as D. hallucatus 
appears to be particularly susceptible to heat stress compared to other small 
mammals in the area. 
Quolls were marked using individually assigned numbers on ear tags 
('Hauptner'). Distinctive features of individuals such as permanent injuries 
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(e.g. kink in tail), positions of lactating teats and spot patterns near the tail 
base were also noted to allow identification in the event that tags were 
dislodged. Tattooing was trialled but proved unsatisfactory as the numbers 
were not clearly discernible. Quolls were weighed, measured, and had their 
reproductive state assessed. Weighing was to lOg using a l.Skg Pesola spring 
balance. Head, tail and hindfoot lengths were measured to the nearest lmm 
using a lm pressed metal measuring tape and tail circumference was also 
measured to lmm using a flexible tape. After examination, quolls were 
released immediately at the site of capture. 
Age estimation 
a) Pouch young 
Since variability between litter-mates appeared to be minimal, crown-
rump lengths were taken from one individual in each litter. Sexual 
dimorphism was not apparent at this stage, thus the sex of the sampled 
individual was considered inconsequential (sex is unable to be determined 
easily until about 7 weeks old). The relationship of crown-rump length to 
date was analysed using least squares regression with grouping variables of 
the years of sampling, 1993 and 1994 (JMP 3). Date rather than age was used 
initially as the date of birth was unknown. The two regression coefficients 
and the elevations of the regression lines for 1993 and 1994 were then tested 
for equality following Zar (1984) to determine whether there was inter-
annual variation in growth rates and time of birth. Assuming that pouch 
young are 3mm at birth (Nelson and Smith 1971) and that reproduction in 
Northern Quolls is synchronised (Braithwaite and Griffiths 1994), these 
regression equations were then used to estimate an approximate 'birthdate' 
each year. This date is only an estimate, the degree of synchronisation is 
unknown although from the earliest crown-rump lengths recorded, all 
births appear to occur within less than a fortnight. Once the 'birthdate' was 
estimated, age could be determined and a new regression equation for 
crown-rump length against age was then calculated for ages 0 - 60 days for 
the two years combined. 
b) Young in den 
Young in the den were unable to be regularly monitored due to the 
difficulty of gaining access to dens without causing disturbance or 
destruction and increasing vulnerability to predation. Opportunistic 
observations were recorded. The age that the young first ate solid food was 
estimated from the first date that juvenile scats containing insects were 
found outside the dens (Diet chapter). Weaning date was estimated from 
when the teats of the mother ceased lactating and regressed in length 
(Reproduction and Demography chapter). 
c) Trappable quolls 
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For trappable quolls (5 months old and over) a combination of month 
of capture, body measurements, pouch condition, weight and incisor wear 
were used to determine age. Since breeding is highly synchronised with 
only one litter produced/year, and Northern Quolls are short-lived, 
individuals could be confidently assigned to cohorts. 
Young virgin females, less than 11 months old, had white hairs over 
the pouch region and inconspicuous teats (Begg 1981). As most females 
produce a litter in their first breeding season, and even those few that fail 
still show pouch development (Begg 1981; Schmitt et al. 1989), any female 
with red-brown stained pouch hairs was over 11 months of age. Since 
females maintain exclusive denning areas (Spatial Organisation chapter) 
and are very trappable, once established in an area, they are easily 
monitored for the duration of their life. New resident females were trapped 
in their territories before their first mating season and thus were of known 
age. Females and males of known age were examined for incisor wear 
(Serena and Soderquist 1989) and the pattern of erosion was recorded. 
Radio-tracking techniques 
Radio-collars with whip aerials. (Sirtrack, NZ) were fitted to 14 female 
and 20 male quolls (see Den and Habitat Use chapter). Radio-tagged animals 
were located during the day in their dens using a Telonics TR2 receiver and 
a hand-held 2-element antenna. Once dens were located, focal trapping 
could be conducted to monitor the timing of reproductive events in 
addition to the growth of pouch young. 
Captive quolls 
A single litter that had been in captivity with their mother since the 
pouch stage was obtained from a foster-carer in October 1992 for growth 
measurements. These captives came from approximately 50km east of my 
study population from similar habitat (i.e. lowland savanna), were pouch 
young in July and August, and separated from the teats in early September, 
so it appeared reasonable to assume they were approximately the same age 
as the wild juveniles at my study site. Braithwaite and Griffiths (1994) 
showed that the timing of reproduction for D. hallucatus was consistent 
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within a particular area of similar habitat, with their furthest sites being 
about 20km apart. The captive mother and juveniles were housed together 
in a vacant room (approximately 3 x 4m) of a human dwelling. The room 
had a linoleum floor on concrete, large flyscreen covered windows on two 
sides and was furnished with a cardboard den box, hollow log and a variety 
of other logs and branches for climbing. The captive quolls were fed 
commercially available cat kibble and fresh meat each evening 
supplemented by Wombaroo insectivore, live grasshoppers and 
occasionally other live insects. Fresh water was available ad libitum. The 
mother was in her first breeding season. The growth of the captive young 
was monitored until their release in late November. Their weights and 
body measurements at five months of age were compared to wild juveniles 
of the same cohort (1992) when they first became trappable in mid-
November. 
Results 
Pouch young stage 
Northern Quolls have one breeding season annually. At Kapalga 
young were born mid-late June and remained in the pouch until mid-late 
August. Thirteen litters were examined at some stage during pouch life. 
Crown-rump length and morphological development 
Regressing crown-rump length against date, the elevations for the 
1993 and 1994 regression lines were significantly different (t = 3.6, d.f. = 22, 
0.001 < P < 0.002) indicating inter-annual variation in birth dates. However, 
the regression coefficients for the two years were not significantly different 
(t = 0.44, v = 21, P > 0.5) indicating little variability in growth rates between 
the years. Assuming that young are 3mm long when born (Nelson and 
Smith 1971), the regression equations for each year were then used to 
determine approximate 'birthdate' each year. These were estimated to be 25 
June in 1993 and 14 June in 1994. These estimates were supported by field 
observations e.g. in 1994, no females trapped on 9 June or before had pouch 
young and all females trapped on 26 June and after had pouch young (no 
females were trapped in the intervening interval). The 'birthdate' estimates 
were then used to regress crown-rump length against age in days (Fig. 1). 
Crown-rump length was found to increase linearly from birth to 60 days. 
The regression equation obtained was: 
Y = 2.97 + 0.43x (r = 0.96, P < 0.0001) 
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Fig. 1. Crown-rump length of Dasyurus hallucatus 
pouch young in relation to age. 
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The earliest date that pouch young were observed was 26 June 1994, at 
approximately 12 days old. Individuals from two litters, both consisting of 8 
young, had crown-rump measurements of 8 and 9 mm long. Crown-rump 
length in June ranged from 6-lOmm with mean 8.Smm (± 1.6 s.d., n = 5, one 
individual from each of 5 litters). The young were tightly curled, totally 
bald, with ears fused to heads and eyes closed. At this stage the pouch was 
very deep and oily, the young were difficult to view as they were well 
protected in amongst the hairs. Table 1 gives the estimated age of young at 
the first observed appearance of various morphological characters and life 
history stages. Some of the characters would have been apparent earlier 
than the ages given. For example, the young were probably mobile earlier, 
but observations of young in the wild at this stage were so few (n = 3) that I 
probably observed them some weeks after they had become mobile. Nelson 
and Smiths (1971) estimate is probably closer to the correct age for this 
character. Fleay (1962) also estimated ages for various stages of development 
of D. hallucatus, however they were derived from 2 litters of unknown 
birthdate (wild caught) whose age was estimated from comparison with D. 
viverrinus litters. Thus they are not included here. 
In July, the ears remained fused to the heads and the eyes remained 
closed. However, by the end of this month, at about 7 weeks of age, the 
young began to grow fur on their heads. During the month the young 
ranged in length from 13 to 22mm (Fig. 1). Their mean crown-rump length 
was 16.9 ± 3.Smm s.d. (n = 7). 
By early August, the young began to uncurl so it became possible to 
determine the sex of each individual. The pouch was no longer as deep and 
the young were more exposed. The dark grey-brown fine fur spread down 
their back and reached the tail base. White dorsal spots began to show. The 
eyes appeared to be about to open; they were darkly pigmented and the 
eyelids were discernible. The bodies were fully furred dorsally when the 
young were first left in the nursery den. The mean crown-rump 
measurements in August were 26.lmm (± 4.2 s.d., n = 10) but these were 
measured approximately one week before the young were left in the den as 
just prior to deposition the young stretched out and could no longer be 
measured reliably. In August the mean head-length was 20.2mm (± 2.6 s.d., 
n = 8). Variability in growth between littermates in the pouch appeared 
small. 
29 
Table 1. Estimated age of young at first observed appearance of various morphological 
characters and life history stages of D. hallucatus. Some characters were probably evident at 
an earlier age but were not recorded due to irregular sampling. 1, this study; 2. Nelson and 
Smith (1971); 3. Begg (1981). 
Age first 
observed (days) 
1 2 3 
Character/Stage 
Furring on head 47 
Pinnae detached 47 
Fur halfway down back 53 
Spots on back 56 49 
Fur covers back 59 
Deposited in den 64 64 
Eyelids separate 67 
Eyes open 70 
Mobile, vocal 103 84 
Begin to eat solids 120 119-126 
Leave den, become trappable 155 
Weaned 165-180 150-180 
The earliest record of young being left in the den was 18 August, at 
about 9 weeks of age, but most litters appear to be deposited towards the end 
of August. In 1993, the three females monitored all had seven young at a 
similar stage of development (head length 18-19mm on 23/24 August) 
which were first deposited in dens within 3 days of each other, between the 
28-31 August. In 1994, the smallest litter (five) was deposited in a den about 
18 August, at least a week before the other two larger litters (both eight) were 
deposited (between 25-30 August). It is unknown whether the litter 
deposited earlier was also born earlier or had developed faster than the two 
larger litters. 
The only measurements obtained from wild-caught young during the 
denning stage were from a litter of six (four males, two females) with their 
15 month old mother at the Territory Wildlife Park, 60km south of Darwin. 
This litter was examined the day after they were captured, in late September. 
These young were fully furred, had their eyes open, and were quite mobile 
and vocal. One individual of each sex was measured; the female weighed 
39g, had a head length of 44mm and a hindfoot length of 24mm. The male 
was slightly smaller with a head length of 39mm and hindfoot length of 
21mm. 
Three opportunistic observations were obtained of mobile young 
during the denning stage in the wild. The first two (25 September 1994 and 
27 October 1993) were both of a single inquisitive mobile juvenile looking 
briefly out of the den entrances (rock and termite mound respectively) 
before disappearing back into the safety of the den. The last observation (31 
October 1994) was of a mother and two mobile young sheltering inside a 
very open termite mound in which they were entirely visible from above. 
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Young remained in dens until mid-November, when at about 21 
weeks of age, they first became trappable. The earliest trap date recorded for 
juveniles was 13 November 1992. As in Antechinus stuartii (Cockburn 
1992), becoming trappable does not indicate weaning. The young quolls 
continued to suckle for up to four weeks after this event. Insect remains 
were found in juvenile scats at least a month (late October) before the last 
date a female was observed secreting milk (25 November 1994). This female 
was the only female who secreted milk during handling. Since the teats of 
the mothers did not regress until mid-December, weaning appears to be 
gradual over a period of about 7 weeks. 
Comparison of wild and captive litters 
Sexual dimorphism in weight was significant for captive litter-mates 
at four months (females 185 ± 10.2g, n = 3, males 240 ± 8.8g, n = 4; t = 4.1, 
P < 0.009) and five months of age (females 289 ± 15g, n = 3, males 407 ± 13g, 
n = 4; t = 6.0, P < 0.002). Divergence in skeletal measurements at this stage 
was apparent, although not significant. Due to this sexual dimorphism, the 
sexes were considered separately for subsequent comparison to wild 
juveniles. 
At five months of age, captive D. hallucatus juveniles were heavier 
(Fig. 2) and larger than wild juveniles, the greatest differences for each sex 
being the soft tissue measurements; weight and tail circumference (Table 2). 
The skeletal measurements, with the exception of head length, were also 
significantly different. Within each sex, five month old captive juveniles 
were even significantly heavier than six month old wild juveniles (Captive 
females (Table 2), wild females 210 ± 8.8g, n = 8; t = 6.0, P < 0.0002; Captive 
males (Table 2), wild males 299 ± 13.6g, n = 8; t = 6.0, P < 0.0001; Fig. 2) and 
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Fig. 2. Mean body weight(± s.e., n) of wild juvenile 
D. hallucatus compared to captive juveniles. Wild 
juveniles first became trappable in mid-November 
at 5 months old. The captive juveniles were released 
at the end of November. 
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Table 2. A comparison of weight and body measurements of five month old captive and wild 
D. hallucatus. Captive measurements are from litter-mates. From the proximity of capture, 
the wild juveniles appear to be from four litters, three of which had at least one male and one 
female measured.** denotes highly significant differences ( P < 0.01). *denotes differences 
with a significance level of 0.01 < P < 0.05. NS = non-significant. 
Females 
Captives 
(mean± s.e.) 
Weight (g) 311±14.3, n = 3. 
Head Length (cm) 6.2 ± 0.2, n = 3. 
Hindfoot Length (cm) 4.0 ± 0.1, n = 3. 
Tail Length (cm) 20.2 ± 0.7, n = 3. 
Tail Circumference (cm) 5.7 ± 0.2, n = 3. 
Males 
Weight (g) 442±19.3, n = 4. 
Head Length (cm) 6.5 ± 0.1, n = 3. 
Hindfoot Length (cm) 4.4 ± 0.1, n = 4. 
Tail Length (cm) 21.8±1.0, n = 4. 
Tail Circumference (cm) 6.4 ± 0.2, n = 4. 
Scrotal Width (cm) 1.5 ± 0.1, n = 4. 
Wild 
(mean± s.e.) 
157 ± 13.4, n = 5. 
6.0 ± 0.1, n = 5. 
3.2 ± 0.1, n = 5. 
17.2 ± 0.5, n = 5. 
3.2 ± 0.1, n = 5. 
203 ± 29, n = 5. 
6.4 ± 0.1, n =5. 
3.6 ± 0.1, n = 5. 
18.5 ± 0.9, n = 5. 
3.5 ± 0.2, n = 5. 
1.0 ± 0.1, n = 5. 
Significance 
t = 7.0, p <0.0004** 
t = 0.9, P <0.4, NS 
t = 5.5, p <0.001 ** 
t = 3.6, p <0.01 ** 
t = 10.7, p <0.0001 ** 
t = 5.5, p <0.0009** 
t = 0.1, P <0.9, NS 
t = 4.0, p <0.005** 
t = 2.6, p <0.04* 
t = 8.8, p <0.0001 ** 
t = 3.6, p <0.009** 
also had longer hindfeet (females only; captives (Table 2), wild 3.5 ± 0.lcm, 
n = 8; t = 3.2, P < 0.01). However, six month old wild males had significantly 
longer head lengths (6.9 ± 0.lcm, n = 8) than five month old captive males 
(Table 2; t = 3.5, P < 0.007). Tail length (both sexes), head length (females) and 
hindfoot length (males) did not differ significantly. 
Body weight (wild individuals) 
Northern Quolls were significantly sexually dimorphic (Fig. 3) with 
adult males (10 months and over) ranging from 540-1120g and adult females 
from 350-690g. Between April and June (the only period that a reasonable 
sample size of adult males (>10 months old) were present, adult males (761 
± 19.5g, n = 26) were significantly heavier than first year females (448 ± 29.9g, 
n = 11) and second-third year females (551 ± 44.4g, n = 5; F2,39 <0.0001). 
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Fig. 3. Mean body weight(± s.e., n) of male D. hallucatus 
throughout their lifespan compared to females of the 
same age. 
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Sexual dimorphism was not apparent in pouch young or in the one 
wild-caught litter of 3 month old young observed during the denning stage. 
The smallest female trapped weighed 120g and the smallest male was 130g 
(both in November). Males tended to be heavier (203 ± 28g, n = 5) than 
females as early as 5 months old (157 ± 28g, n = 5) when the juveniles first 
enter the trappable population (Fig. 3) although this difference was not 
significant (t = 1.2, P < 0.3). At six months of age, the dimorphism in weight 
between males (299 ± 12.3g, n = 8) and females (210 ± 12.2g, n = 8) becomes 
significant (t = 5.2, P < 0.0001). First year males then rapidly increased in 
body weight so that by January, at only 7 months of age, they overtake 
second and third year females (Fig. 4). Male body weight peaked in April and 
then declined until their deaths (most within two weeks after the mating 
season in late May I early June; Reproduction and Demography chapter). 
Individual male body weight showed wide fluctuations between 
consecutive measurements. 
Females showed indeterminate growth in weight with older females 
tending to be heavier, although there was considerable overlap between the 
cohorts (Fig. 5). This trend for older females to be heavier was not merely an 
artefact of larger females being more likely to survive to a second year, as it 
was also apparent for individuals (which became heavier as they aged). The 
heavier weight of older females may be accounted for by increased muscle 
mass, fat and/ or an increase in the length of the body. The latter 
measurement was not procured as it is inaccurate on live, conscious 
animals. For all ages of females there was also a seasonal trend where body 
weight peaked in May immediately prior to the breeding season and then 
decreased until around August when it began to increase again (Fig. 5). 
Tail circumference 
Since Northern Quolls store fat in their tail base (Dixon and Huxley 
1985), within each sex, the circumference of the tail base may be considered 
to be an index of condition (Serena and Soderquist 1988). Between April and 
June, adult males possess significantly broader tail bases (6.0 ± 0.lcm, s.e., 
n = 26) than adult females in their first year (5.2 ± O.lcm, n = 11; F2,39 = 
0.0001; Fig. 6) but not significantly larger than second-third year females (5.7 
± 0.2cm, n = 5). Female tail bases reach an asymptote at 11-12 months of age 
(Fig. 6). There was no difference in width between second and third year 
females. This suggests that the indeterminate increase in female weight 
with age may be the result of an increase in muscle mass and/ or body length 
rather than in fat alone. There was consistent seasonal variation with 
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Fig. 4. Mean body weight(± s.e., n) of D. hallucatus 
males compared to second and third year females. 
35 
-. 
O> 
-+-' 
..c 
O> 
Q) 
~ 
c 
co 
Q) 
~ 
700 rut 
D 
600 2 Third year T 
4 
T 
500 
..L 
5 400 Second year 
300 
200 
100 
0 
0. > c ,_ >. 
Q) 0 ctS ctS ctS ::I ~ J Cf) z J ~ I 
I I I I I c 
O> 
-
(.) 
.0 ,_ ::I (.) Q) Q) 0. ::I 0 J <( 0 LL <( 
Month 
Fig. 5. Mean body weight(± s.e., n) of three age classes of 
D. hallucatus females. 
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Fig. 6. Tail circumference (± s.e., n) of male and female 
D. hallucatus in relation to age up to 14 months. 
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female tail bases reaching their maximum circumference in April 
immediately prior to the mating season and beginning to decline in May 
(Fig. 7). Female tail bases were relatively thinner for the rest of the dry 
season, beginning to thicken again with the onset of the wet season in 
December. Male tail bases also peaked just prior to the mating season and 
declined thereafter (Fig. 6). These intra-annual trends reflect the overall 
changes in body weights of males and females throughout the year. As an 
index of an individuals condition, basal tail circumference is more reliable 
than body weight as it is less susceptible to the immediate effect of 
consuming a very large meal. 
Body measurements 
Adult (defined here as 10 months and older) male and female 
Northern Quolls were significantly sexually dimorphic with males having 
longer heads, hindfeet and tails than females (Table 3; Fig. 8). Males were 
significantly longer in all three skeletal measurements than both first year 
females and second-third year females. 
39 
Although at five months old, male D. hallucatus appeared to have 
longer heads, hindfeet and tails than females, these differences were not 
significant until six months of age (Table 3). These body parameters 
appeared to be determinate for both sexes, reaching asymptotes at 10-12 
months old. Thus the increase in female body weight throughout life is 
likely to be a result of increased muscle mass, unless the torso, which was 
unmeasured, was lengthening. Adult males reached a maximum age of 
only 14 months at this Kapalga study site, however, in captivity they have 
been recorded to live longer (S. Templeton, pers. comm.). It would be of 
interest to ascertain whether skeletal and/ or soft tissue growth continues in 
older males as has been recorded for D. geoffroii (Soderquist 1995). 
Development of sexual dimorphism 
Wild D. hallucatus became significantly dimorphic in both weight 
(Fig. 4) and skeletal measurements (Fig. 9) at six months of age, with ratios 
of 1.4 (weight), 1.2 (tail circumference), 1.1 (head length), 1.1 (hindfoot 
length) and 1.1 (tail length). The dimorphism in weight increases until the 
mating period, then declines. In contrast, the skeletal differences between 
the sexes stay relatively constant. 
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Fig. 8. Mean lengths(± s.e., n) of a) heads, b) hindfeet and c) tails 
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Table 3. The mean(± s.e., n) lengths of heads, hindfeet and tails for male and female 
D. hallucatus- at five months, six months and adult (10 months and over) ages. Adult 
comparisons were from April-June only. ** denotes highly significant differences (P < 0.01). 
* denotes differences with a significance level of 0.01 < P < 0.05. NS = non-significant. 
Males Females Significance 
Five months 
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Head length (cm) 
Hindfoot length (cm) 
Tail length (cm) 
6.4 ± 0.1, n = 5 6.0±0.1, n = 5 t = 2.2, P < 0.055, NS 
Six months 
Head length (cm) 
Hindfoot length (cm) 
Tail length (cm) 
Adult 
Head length (cm) 
Hindfoot length (cm) 
Tail length (cm) 
Age estimation 
3.5 ± 0.1, n = 5 3.2±0.1,n=5 
18.5 ± 0.9, n = 5 17.2±0.9, n = 5 
6.9 ± 0.1, n = 8 6.3 ± 0.1, n = 8 
3.9 ± 0.1, n = 8 3.5 ± 0.1, n = 8 
22.1±0.4, n = 8 19.6±0.4, n = 8 
8.2 ± 0.1, n = 26 7.5 ± 0.1, n = 13 
4.6 ± 0.0, n = 26 4.0 ± 0.0, n = 16 
30.6 ± 0.5, n = 24 26.3 ± 0.6, n = 14 
t = 2.2, P < 0.06, NS 
t = 1.0, P < 0.3, NS 
t = 4.3, p < 0.001 ** 
t = 2.2, p < 0.047* 
t = 4.4, p < 0.001 ** 
t = 5.5, p < 0.0001 ** 
t = 8.5, p < 0.0001 ** 
t = 5.3, p < 0.0001 ** 
Female weight in relation to age was examined to see whether it 
could be used for age estimation. Although third year females tended to be 
heavier than second year females, there was much overlap between the 
cohorts so weight alone could not be relied upon (Fig. 5). Females in their 
second year ranged from 350-635g, whereas females in their third year 
ranged from 410-690g in weight. 
Wild females and males of known age were examined for incisor 
wear (Serena and Soderquist 1989). The longest period that an individual 
female was monitored was 21 months; she was a nulliparous 11 month old 
when first caught, survived two breeding seasons and was 32 months old 
when the study concluded. The oldest female examined was 37 months old. 
Females at their first breeding season possess quite long upper incisors with 
pointed ends. By the second breeding season the incisors are shorter and 
more flattened, still with a slight point. By the third breeding season they 
are completely flat and worn to the gum or almost so. This index allowed 
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Fig. 9. Ratios of size dimorphism of wild D. hallucatus 
(average male: average female) for weight (circles), head length 
(squares), hindfoot length (triangles), tail length (unshaded 
diamonds) and tail circumference (shaded diamonds). The 
lines are figurative illustrations of the curves associated with 
the points to assist interpretation. 
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determination of the age of the few individuals who were first caught after 
their first breeding season. 
For males, weight, in conjunction with month of capture, was only a 
reliable indicator of age during November-December when juveniles were 
first trappable at 5-6 months old (Fig. 4). By 7 months old, in January, males 
were capable of attaining adult body weight. Individual male body weight 
showed rapid variation as was demonstrated by a male that was first caught 
in December weighing 390g with body measurements indicating he was 6 
months old. In late January, at 7 months old, he weighed 1010g and when 
caught two days later had decreased to 710g. Perhaps he had consumed a 
large meal immediately before the second capture? Clearly weight alone is 
not a reliable indicator of age. Body measurements such as head length, 
hindfoot length and tail length contributed to age estimations of 5-6 month 
olds. However, .. as gr~wth of these parameters became asymptotic at 11 
months of age and there was wide individual variation, body 
measurements could not assist ageing of older individuals. For adult males, 
incisor wear appeared to be the best indicator of age. All adult males 
examined had long, pointed incisors strongly suggesting that they were all 
in their first breeding season. 
Discussion 
Timing of reproduction 
Although the timing of reproductive events in D. hallucatus at 
Kapalga was synchronised within each year, there appeared to be some 
interannual variation. Slight variation in reproductive timing between the 
years was also recorded by Braithwaite and Griffiths (1994). In 
1993, the peak of the mating season occurred in mid-June whereas in 1994, 
the peak occurred at the end of May. Consequently, birth occurred 
approximately two weeks later in 1993 than in 1994. 
Growth and development 
Although there was some interannual variation in the timing of 
birth, the rates of growth were similar for 1993 and 1994. The growth of 
crown-rump length was linear between 0-60 days of age. The overall 
regression coefficient for D. hallucatus, combining the two years, (b = 0.43) 
was similar to those obtained from captive litters of two larger species of 
Australian Dasyurus; D. viverrinus (0.45, Godsell 1983) and D. geoffroii 
(0.45, Serena and Soderquist 1988). D. maculatus, the largest species of 
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Table 4. Estimated age of young at first observed appearance of two morphological characters 
- -
and a life history stage in the four species of Australian Dasyurus; D. hallucatus (this study), 
D. viverrinus (Hill and Osman Hill 1955; Merchant et al. 1984; Tyndale-Biscoe and Janssens 
1988), D. geoffroii (Serena and Soderquist 1988) and D. maculatus (Settle 1978). 
Spots visible Left in den Eyes open 
D. hallucatus 56 64 67+ 
D. viverrinus 46 65 84 
D. geoffroii 44-50 61 72-82 
D. maculatus 40 47-50 61-63 
Dasyurus, appears to have the fastest development of the four Australian 
species, the eyes opening as early as 61 days (Table 4). In D. hallucatus the 
eyes appeared to be about to open at 67 days. They were probably similar to 
D. geoffroii in the age of actual opening. 
D. viverrinus has been observed to wean young at about 120 days old 
in captivity (Nelson and Smith 1971) and during a two-week period when 
they are 126-140 days old in the wild (Godsell 1983). D. geoffroii and 
Phascogale tapoatafa wean gradually over several weeks (Soderquist 1995), 
with D. geoffroii juveniles beginning to forage outside the den at about 118 
days and being fully weaned by about 154 days of age (Soderquist 1995). 
Weaning may be even more gradual in D. hallucatus, commencing at about 
120 days old when insect remains were first found in juvenile scats (Diet 
chapter) and finishing about mid-December, at 165-180 days old 
(Reproduction and Demography chapter). In contrast to the gradual 
weaning of quolls, A. stuartii appears to wean abruptly over a period of a 
few days (A. Cockburn, pers. comm.). 
Although sexual dimorphism for Dasyurus species may begin to be 
noticeable during the pouch stage (D. geoffroii, Serena and Soderquist 1988) 
and during the denning stage (D. viverrinus, 100 days old, Merchant et al. 
1984), it appears that all differences in weight and length do not become 
significant until during weaning for captives (D. viverrinus, 135 days old, 
Merchant et al. 1984; D. geoffroii, 139 days old, Soderquist 1995) or after 
weaning (D. geoffroii, 154-163 days old, Soderquist 1995) for wild 
individuals. This slower ontogeny of sexual dimorphism for wild 
individuals was even more pronounced in D. hallucatus. Captive juvenile 
males were significantly heavier than females at four months of age 
(beginning of weaning) whereas wild juvenile males were not significantly 
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heavier than females until 6 months of age (end of weaning, when they had 
been foraging for themselves for at least 5 weeks). 
As has been observed in D. geoffroii and P. tapoatafa (Soderquist 
1995), the ontogeny of sexual dimorphism in size for D. hallucatus (Fig. 9) is 
primarily weight with the skeletal dimorphism remaining constant at a 
ratio of around 1.1 (male: female) for all three species. This greater weight of 
males may provide an energy store for the short breeding season (Soderquist 
1995). Other hypotheses regarding the function of sexual dimorphism range 
from niche separation (Fox 1982; which is discussed in the Diet chapter), to 
differing reproductive strategies of males and females (Erlinge 1979; see 
Spatial Organisation chapter). 
Age estimation 
As 5 month old captive juveniles were significantly heavier than 
wild juveniles of the same age, this suggests that the use of growth curves 
from captive animals for age estimation of wild individuals must be treated 
with caution. Serena and Soderquist (1988) also found that captive juvenile 
D. geoffroii grew much faster than wild young. 
Females aged between 5-12 months old could easily be recognised by 
their pouch which had inconspicuous teats covered by fine white hair. Since 
breeding was synchronised for each cohort, age in this range was accurately 
determined by the month of capture. All females over 11 months showed 
pouch development with the concomitant pink or red-brown stained hairs. 
Although older females tended to be heavier, there was considerable 
overlap in body weights of second and third year females making weight 
alone an unreliable indicator of age. Females over 11 months of age were 
most accurately aged using the pattern of incisor wear observed in known 
age females. Incisor wear has previously been used for age estimation in 
D. geoffroii (Serena and Soderquist 1989) and P. tapoatafa (Soderquist 1995). 
For male age estimation, weight combined with the month of capture 
was accurate for 5 and 6 month olds. However, by 7 months of age, 
individual juveniles could attain maximal adult weights. In addition, 
individual weights fluctuate dramatically between captures (Nelson and 
Smith 1971; this study), probably in relation to the size of the last meal, since 
D. hallucatus are capable of consuming very large quantities of food at one 
time (Nelson and Smith 1971; Mcllroy 1981). Thus weight alone is not a 
reliable indicator of male age. Incisor wear was compared to the pattern of 
wear for known age males and females. Although it could be argued that 
the female pattern of wear may differ from males due to differing dietary 
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niches, there was little intersexual difference in diet apart from a greater 
intake of vertebrates by males (Diet chapter). This greater vertebrate intake 
(including bone) could be expected to result in greater tooth wear in males 
(reflected in their greater incidence of broken canines ) which would lead to 
overestimation of age rather than underestimation. 
Lifespan 
From the age estimation technique described above, the oldest female 
recorded at the site was 37 months and the oldest male, 14 months. This 
surprisingly short lifespan of males was corroborated by the following 
evidence. Of the 8 males radio-tracked to their deaths, all died within 5 
weeks after the mating season (Reproduction and Demography chapter). 
There was a complete absence of adult males from September to December 
in the three years of study despite 1414 trap-nights during this period 
(Reproduction and Demography chapter). Adult sized males were only 
trapped from January onwards and none of these had tags (or tag tears) from 
previous years. Also, the longest period that an individual male was caught 
was 6 months; from a 6 month old juvenile in December to an adult 12 
month old in June the following year. Thus there was no evidence that 
males at this Kapalga population survived past 14 months of age to reach a 
second breeding season. An earlier study of D. hallucatus at Kapalga also 
found that no males survived to a second breeding season (Dickman and 
Braithwaite 1992) . 
Previously it has been suggested that both sexes of D. hallucatus live 
longer in rocky ranges than in lowland savanna (Braithwaite and Griffiths 
1994). However, in one of the two studies on sandstone plateaux, the small 
number of males that were considered to be second year (Begg 1981; 4 out of 
a possible 32) appear to have been classed on the basis of weight alone. As 
weight alone is unreliable for age estimation, and adult males were absent at 
Nawurlandja between July and January, post-mating mortality may be as 
complete at this location as in the lowland savanna. For females at 
Nawurlandja, 21 % survived to a second breeding season and 6% to a third 
breeding season. This is only slightly greater longevity than females from 
the lowland savanna (Reproduction and Demography chapter) and may 
also be an overestimate if age assessments were based solely on weight. At 
Mitchell Plateau, one male was considered to have survived to a second 
reproductive season (this may also have been a case of overestimation of 
age since he was only caught from January-July in one year) and 6 females 
(37%) survived to a second breeding season (Schmitt et al. 1989). Neither sex 
was recorded surviving to a third breeding season in this area. Perhaps 
longevity is not much greater on rocky plateaux than in the lowland 
savanna and D. hallucatus tends towards male semelparity rather than 
iteroparity in all habitats at this latitude. It would be of interest to re-
examine populations in these previous study areas, in addition to 
examining populations in different habitats and at various latitudes, using 
incisor wear for age estimation and radio-tracking to determine whether 
any males survive to a second breeding season. 
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D. hallucatus is a remarkably short-lived species considering that 
adult males attain maximum body weights of up to 1120g. Males in this 
lowland savanna population appeared to live a maximum of 14 months 
and females up to 37 months. The ability to ascertain age for any individual 
captured using the methods described in this chapter, greatly increases the 
scope of future ecological investigations of D. hallucatus. 
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Chapter 3 
Reproduction and demography of the N orthem Quoll, 
Dasyurus hallucatus, in the wet-dry tropics of 
northern Australia 
To be submitted to the Journal of Animal Ecology 
Reproduction and demography of the Northern Quoll, 
Dasyurus hallucatus, in the wet-dry tropics of northern-Australia. 
Abstract 
Dasyurus hallucatus was found to exhibit a highly synchronous 
breeding cycle and demonstrated complete male post-mating mortality at 
this lowland savanna study site. Most males died within two weeks of 
mating and consequently, sexually mature males were totally absent from 
September to March each year. This mortality appears to be similar to the 
die-off in semelparous and much smaller Antechinus and Phascogale 
species with males exhibiting anaemia, weight loss, fur loss and parasite 
infestation. However, although testosterone levels increased in male 
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D. hallucatus during the mating period, cortisol was unexpectedly low. 
Unlike Antechinus spp., there was no evidence of gastric ulceration and no 
spermatogenic failure after the first mating season so D. hallucatus males 
could be capable of breeding again if they survived to a second breeding 
season. 
D. hallucatus females had a variable teat number ranging from five to 
eight, although most had eight. There was a high rate of initial teat 
occupancy with the mean litter size for eight-teated females being 7.3. First 
year mothers were more likely to have predominantly male litters, whereas 
second year mothers had more females. The survival rate of D. hallucatus 
pouch young was high but, once young were left in the den, survival was 
pooL Peaks in abundance for both sexes occurred when the juveniles first 
entered the trappable population in November each year. The greatest peak 
in apparent male abundance was during the mating season (May), but this 
was probably due to their increased mobility at this time. Adult mortality 
was high with only 27% of females surviving to wean a second litter, and 
none bore a third. Most females died during late lactation between 
September and November, which co-incided with the late dry season. The 
most common proximate cause of adult mortality was predation by dingoes, 
cats and snakes although motor vehicles were also a major cause of death in 
males. Increased predation pressure on adults, caused by an increase in 
dingo abundance and reduction in shelter, particularly in lowland savanna 
may favour the selection of semelparity. 
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Introduction 
The Northern Quoll (Dasyurus hallucatus Gould 1842) is a small, 
predominantly nocturnal, carnivorous marsupial. Recently it has become 
apparent that the distribution of D. hallucatus has contracted from across 
coastal northern Australia to several disjunct populations often centred on 
rocky plateaux (Braithwaite and Griffiths 1994). Two population studies 
have been conducted in rocky habitat; at Nawurlandja (formerly Little 
Nourlangie Rock) in the Northern Territory (Begg 1981) and at Mitchell 
Plateau in Western Australia (Schmitt et al. 1989). Dickman and Braithwaite 
(1992) carried out a trapping study of D. hallucatus in lowland savanna in 
Kakadu National Park and recorded near complete post-mating mortality of 
males, a highly anomalous finding for a mammal with an adult body 
weight of 350-1120g (see Growth and Development chapter) as previous 
evolutionary explanations of male semelparity in dasyurids have 
emphasised the small size of males and their inability to sequester sufficient 
fat reserves to survive an intense rut (Lee and Cockburn 1985; Lazenby-
Cohen and Cockburn 1988). Braithwaite and Griffiths (1994) subsequently 
published details of the population in this area suggesting that savanna 
populations are particularly vulnerable to extinction and speculated on a 
range of contributing factors. 
The aim of this chapter is to describe the reproductive biology and 
demography of Northern Quolls in the lowland savanna, compare the male 
die-off to other species that exhibit this phenomenon and to determine 
proximate causes of mortality. 
Methods 
Study areas 
The main study was conducted at Kapalga Research Station (12043'S, 
132025'E), located approximately 200km east of Darwin in Kakadu National 
Park, Northern Territory between August 1992 and February 1995. The main 
study site was in eucalypt open forest and woodland and included rocky 
hills up to 77m high and a small seasonal creek (see Den and Habitat Use 
chapter for details). 
A short trapping survey (3 consecutive nights) was also carried out in 
June 1994 at Nawurlandja (1205l'S, 132047'E), approximately 50km south-
east of Kapalga, in Kakadu National Park. This survey followed the 
methods of Begg (1981) and was conducted at his 'Rocky Slopes' and 'Rocky 
Crevices' sites. 
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Fresh road-killed D. hallucatus were collected from an 88km section 
of the Arnhem Highway between Jabiru (12039'S, 13205Q'E) and the -
Northern Entry Station (12048'S, 1320Q8'E) in Kakadu National Park, the 
Northern Territory. Ten kilometres of the road between South Alligator 
and Kapalga Research Station was monitored from February 1993-May 1995 
by M. 0. and two volunteers, and the remaining 78km was checked from 
April 1994-May 1995 by four other volunteers. Within each monitoring 
period, roads were inspected at least 10 days/fortnight. Inspections were 
made at dawn (and also in the early evening) as carcasses are quickly 
destroyed by diurnal scavengers, particularly raptors (Black and Whistling 
kites). Additional bodies were collected from nearby areas opportunistically. 
Trapping and sampling techniques 
Trapping procedure, marking and measurement of Northern Quolls 
are detailed in the Growth and Development chapter. In summary, at the 
main study site, trapping was carried out for 2 consecutive nights/ fortnight 
from November 1992 to December 1993 on a 22.5 hectare grid and for 2 
consecutive nights/month in 1994 on a 35 hectare grid,~Only minimal 
trapping (with traps being checked a few hours after sunset) was conducted 
from mid-August to mid-October so as not to disadvantage the altricial 
young left in dens. ~ ~tl,J1"1·0Acal fttcQI -h-opp··~, ""OC Col\cJucft ol qf" del\ S fo 
*"•"•tot i'.kc. +: ..... ,•"4 eftJ N.Pt-'f»olvc+·v~ 4 ~td'S' Quolls were fitted with raaio-collars and tracked to their dens during 
the day (see Den and Habitat Use chapter). This allowed additional focal 
trapping of specific individuals to monitor the timing of various 
reproductive events. 
Small blood samples were obtained from the ears. After rubbing the 
external surface with vaseline, the vein was punctured_ with a new 25 gauge 
needle and bled directly into a heparinised capillary tube. The tubes were 
kept cool in an insulated container until centrifugation using a Clements 
microhaematocrit centrifuge. The Packed Cell Volume (PCV) was 
determined using a haematocrit reader. 
Teat occupancy at birth was determined initially by the number of 
teats that were occupied by pouch young in addition to the number of teats 
that were swollen and had obviously lactated in the current breeding 
season. Later, when young are capable of transferring between teats, 
lactational appearance is not a reliable indicator of the number of young still 
being suckled (Merchant et al. 1984). Sex ratios of litters were obtained 
during a three week period in early August in both 1993 and 1994. Prior to 
this, the pouch young were too tightly curled to examine without causing 
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trauma, and by late August, young were deposited in inaccessible dens. 
Pouch young were ear-tattooed with fluorescent pigments (Soderquist and 
Dickman 1988) to allow matrilineal relationships to be determined when 
the young became trappable. Unfortunately, no tattoos were observed at this 
subsequent stage. 
Testes were obtained from three road-killed males and preserved in 
formalin. The tunics were removed and the lengths and widths were 
measured. Sections were then taken, stained with haematoxylin and eosin 
and examined to determine whether spermatogenesis had failed, as has 
been recorded for some other dasyurids (e.g. Kerr and Hedger 1983). 
Plasma cortisol and testosterone assays 
Cortisol and testosterone concentrations were measured in separate 
20µ1 plasma samples using direct 1251 cortisol assay (Pantex Catalogue No. 
031, Santa Monica California supplied by lmmunodiagnostics, Camperdown 
NSW) and a direct 1251 testosterone assay respectively (Pantex Catalogue No. 
135). The principle of this assay system is the competition for binding sites 
in fixed volumes of antiserum between a set of calibrators and fixed 
amounts of 1251 radio-labelled ligand. Ligand from sera or calibrator reduces 
tracer-antibody binding. The basis of radio-immunoassay is the quantitative 
relation between ligand concentration and the proportion of antibody 
bound to 1251 tracer. Antiserum 2 precipitates ligand-antibody complex 
(bound). The precipitate is counted after the supernatant is removed by 
decanting. The binding values of calibrators are plotted vs concentrations. 
The data are tabulated in Excel text format and imported into AssayZap 
program (Universal Assay Calculator, Biosoft, Cambridge UK). Initial curve 
fitting is carried out using a four parameter weighted logistic function with 
iteration set to stop when the change in the mean sum of squares is < 0.05%. 
A typical curve for cortisol using calibrators in duplicate ranges from 0.01 to 
128ng/ml and for testosterone, from 0.0l-25.6ng/ml. 
To establish the reliability of these direct cortisol and testosterone 
assays in measurement of cortisol and testosterone in D. hallucatus plasma, 
serial dilutions of a D. hallucatus plasma were used in the assays. Plasma 
pools that gave high results for cortisol and testosterone in the assays were 
chosen and serial dilutions were carried out using charcoal stripped 
D. hallucatus plasma. Charcoal (25mg/ml Norit A activated charcoal, Sigma 
Chemical Co, USA) was added and the plasma was incubated at 37°C for 30 
minutes before centrifugation to remove all traces of charcoal. 
The assay curves for both standard calibrators and the diluted 
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D. hallucatus plasma calibrators were compared and the parallelism was 
considered acceptable with regression analysis giving a probability of 0.0001 
for the relationships. The cross reactivity with corticosterone was 58% and 
with 5 alpha-dihydrotestosterone was 6.9%. Both inter and intra-assay 
variation were always less than 10%. The lowest detectable mass of cortisol 
that could be measured was 200pg which is equivalent to a cortisol 
concentration of lOng/ml. The recovery of added cortisol gave a mean in 
excess of 99%. The lowest detectable mass of testosterone that could be 
measured was 2pg which is equivalent to a testosterone concentration of 
O.lng/ml. The recovery of added testosterone gave a mean in excess of 99%. 
Results 
Quall captures 
The total number of quolls caught at Kapalga during this study was 79 
(38 females and 41 males) over 4267 trap-nights. An additional two females 
were caught during 600 trap-nights at Nawurlandja. 
On the trapping grid at the main study site at Kapalga, 25 females 
were caught over 169 captures giving a mean capture rate of 6.8 ± 1.2 s.e. 
captures/animal. This recapture rate was greater than for the 32 males who 
were caught on 84 occasions giving a mean capture rate of 2.6 ± 1.0 s.e. 
(F1,ss = 7.1, P < 0.01). This difference probably reflects the shorter lifespan and 
the larger ranges of males (see Spatial Organisation chapter) rather than 
indicating male aversion to traps. The greater capture rate for females 
allowed more detailed monitoring of individual changes in their 
reproductive status and body condition than for males. 
Seventy one dead quolls were collected. Of these, 46 were males, 16 
were females and 9 could not be sexed due to decay or physical damage by 
vehicles and/ or predators. 
Residents versus transients 
Some previous population studies class quolls as 'residents' or 'transients' 
depending on recapture rates (Begg 1981; Godsell 1983). Although in this study 
juveniles were considered transient as they were likely to be dispersing, all adult 
quolls caught were considered to be residents. 
All D. hallucatus females that were radio-tracked held mutually exclusive 
territories (see Spatial Organisation chapter). Females that were caught rarely, 
rather than being transients, had territories primarily outside the trapping grid 
and therefore were only caught when foraging on the extremes of their range. 
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For some females, this only occurred at a particular time of year when seasonal 
patterns of habitat use brought them near the grid (see Maternal behaviour 
chapter). Alternatively, some females (two cases radio-tracked) were only caught 
a few times because of subsequent death. 
Male 'transients' were also likely to be residents who were rarely caught 
because their range was on the fringes of the grid. Also, male ranges were so large 
(see Spatial Organisation chapter) that even when their range did encompass the 
trapping grid, the probability of recapture was low. 
Timing of reproduction 
Northern Quolls exhibited synchronous reproduction within each year at 
a particular site. There was some minor inter-annual variation in timing. Table 1 
illustrates the timing of reproductive events at Kapalga during 1992-1994. 
Table 1. Timing of reproductive events in D. hallucatus at Kapalga. 
*In 1993 the peak of the mating season was after 16 June. This was the last date trapping was 
carried out whilst males were still present. Males were commonly sighted on roads in the 
area at this time. Absence from the study site precluded a more accurate determination of the 
peak and subsequent disappearance of males. No males were trapped or observed in mid-July 
and after. In 1994, the peak of the mating season was determined by fresh wounds to the 
scapular region of females, followed within a couple of days by death of large numbers of 
males. The estimated 'birth date' is from the Growth and Development chapter. 
1992 1993 1994 
Mating Peak of mating season >16Jun* 31May 
Last date adult male trapped 11Aug 16Jun* 5Jul 
Birth Last date adult female observed before 
pouch young born 16Jun 9Jun 
Estimated 'birth date' 25Jun 14Jun 
Earliest date observed with pouch yoW1g 16Jul 26Jun 
Den Last date observed with pouch young 21Aug 31Aug 24Aug 
Deposition Earliest date observed with young in den 19Aug 2Sep 22Aug 
Independence Earliest date juveniles trappable 13Nov 16Nov 22Nov 
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Male reproduction 
Pouch young at two months of age (August) had a mean scrotal width 
of 1.8mm (± 0.3 s.d., n = 6). Scrotal width increased until the quolls were 9 
months old (March), and then decreased until 12 months old (June) when 
most males died (Fig. 1). This decrease corresponded with a decline in male 
body weight (Growth and Development chapter). Testes from three 
individuals were examined for spermatogenic failure after the mating 
season in 1994. The lengths and widths were 14.0 x 11.2mm (June), 14.9 x 
12.3mm (June) and 12.5 x 10.2mm (August). The smaller size of the latter is 
consistent with regression of testicular activity after the breeding season 
(Fig. 1). However, the tubules of all these testes were still patent and 
contained spermatogenic cells. Primary and secondary spermatocytes, 
spermatids and spermatozoa were recognisable in all three specimens. 
Female reproduction 
a) Changes in the pouch. The pouch of D. hallucatus corresponds to the type 
1 pouch of Woolley (1974); the mammary area has no covering fold of skin 
and the teats are exposed. 
The white hairs in the pouch region of subadult females began to 
stain pink in early May at 11 months old. The teats which had been 
inconspicuous at <lmm long, began to lengthen. The mean length of non-
lactating teats (nulliparous and postparous females) was 2.0mm (± 0.8 s.d., 
n = 28 females; Fig. 2). By mid-May the pouch was deepening. 
Following mating (late May to mid-June), the pouch became deep and 
oily and a ridge developed in the middle of two antero-posterior rows of 
teats. The pouch hairs were stained pink and small flecks of red secretion 
were apparent on the skin. 
When the altricial young were born in mid-late June, the 
development of marginal ridges of skin made the pouch deeper offering 
them some protection. Only one female quoll failed to have young despite 
showing pouch development. This was an old female in her third breeding 
season who died in late July aged 37 months. The mean length of lactating 
teats was 6.8mm (± 1.3 s.d., n = 28), with the maximum being lOmm. 
When the females first deposited their young in the den in mid-late 
August, a loose fold of skin remained around the pouch. In September and 
October all females were suckling unattached young. In late November, a 
couple of weeks after the young were first trappable, a female was observed 
still secreting milk. In contrast to Fleay's (1935) observations of 
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Fig. 1. Mean scrotal width(± s.e., n) of D. hallucatus in relation 
to age. Data combined for November 1992-February 1995, with 
number of individuals shown at each data point. 
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Fig. 2. Mean teat length(± s.e., n) of adult female 
D. hallucatus. n = the number of individuals. June 
measurements were taken before pouch young 
were born. July and August measurements were 
taken from dead females with pouch young 
removed. 
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D. viverrinus pouches at this stage, no teats were observed suppurating 
from the sharp teeth of the young. Based on teat length,-lactation probably 
continued until early December (Fig. 2). By late December the teats began to 
regress so by January they were no longer lactating. By March the teats were 
fully regressed. The pouch region remained stained red-brown, providing 
identification of postparous females. 
b) Teat number. In D. hallucatus the teats are arranged in two antero-
posterior rows. There was considerable variation in teat number, 5-8 being 
observed in this study. Of the 27 females caught at Kapalga whose teats were 
clearly visible, all had 8 teats, except one female with 6. Seven females 
collected from the Arnhem Highway (six dead, one injured) within and just 
west of Kakadu National Park showed more variation possessing 5, 6, 7 or 8 
teats. The two females caught at Nawurlandja in June 1994 both had 8 teats. 
Fig. 3 compares the proportion of teat numbers found in this study to other 
published studies. 
Mating 
Both sexes of D. hallucatus were sexually mature at 11 months old 
(May). Mating occurred late May to mid-June and appeared to be 
synchronous within the study population. Most mating appeared to occur 
within a week in any particular year, for example in 1994, fresh wounds 
were observed on the scapular region of two females caught on the 1 June 
and older wounds on two females caught on 5 June. Mating bites were 
approximately 0.7cm wide by 2cm long and were often accompanied by 
wounds or bald patches on either side of the rump, presumably from the 
males' claws during copulation. The appearance of the_se wounds correlated 
with a surge of male deaths between 31 May and 2 June that year. Most 
males died by mid-June. The maximum spread in mating dates in a given 
year was two weeks (1993), with mating bites observed on the shoulders of 
two females on 31 May and 15 June. Unfortunately the entire mating period 
was not able to be monitored in 1993 due to absence from the site, but since 
die-off had not yet occurred on 16 June, the peak of mating appeared to 
occur at least two weeks later than in 1994. 
Birth and development 
Young were estimated to be born mid-late June (Growth and 
Development chapter) at Kapalga. At Nawurlandja, fifty kilometres away, 
neither of the two females examined had young in mid-June (14 and 15), 
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Fig. 3. Number of teats of female D. hallucatus at different study 
sites; Mitchell Plateau, Western Australia (Schmitt et al. 1989), 
Kapalga (this study), Kakadu (Arnhem Highway, this study) and 
Nawurlandja (Begg 1981) in the Northern Territory. Braithwaite 
and Griffiths (1994) reported a litter of 10 young indicating that 
the mother possessed 10 teats. n =the number of females examined. 
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although one showed pouch development. At the Kapalga site, 
reproduction was highly synchronous such that all females examined in 
July and early August (n = 11) were carrying pouch young except for one old 
female in her third breeding season who died in July. Pouch young were 
first deposited in the den in late August. When the mothers deposited their 
young in dens, there was a change in denning behaviour. Instead of the 
usual pattern of using a different den every day, they tended to use the same 
den for several consecutive days (Maternal behaviour chapter). This change 
in behaviour, in conjunction with pouch examination during trapping 
allowed accurate determination of the dates that young were first left in the 
den. No females examined in September still had pouch young. Juveniles 
were trappable, leaving the den to forage, from mid-November. The 
juveniles continued to have some contact with their mothers until mid-
December when they were weaned. Three single juveniles were trapped at 
their mothers' dens (three different mothers; two juvenile females, one 
juvenile male) during late November-early December. 
Sex ratio of litters 
Sex ratios were obtained for 11 litters; 8 from mothers in their first 
breeding season and 3 from mothers in their second (Fig. 4). The total male: 
female ratios for first year mothers' litters was 39:21 and for second year 
mothers was 6:14. The proportion of males in each litter was modelled 
using binomial regression. The effect of age was highly significant (X12 = 7.5, 
P < 0.01) with first year mothers more likely to have predominantly male 
litters and second year mothers having more females. There is strong 
evidence that a binomial distribution is appropriate (X92 = 5.7, ns.). Predicted 
sex ratios were Pmales = 0.65 ± 0.06 for one year old mothers and Pmales = 0.3 
± 0.1 for two year old mothers. 
Litter size 
Most females carried close to the full complement of pouch young. 
There was a high rate of initial teat occupancy with the mean initial litter 
size for 8-teated females being 7.3 (± 0.2 s.e., n = 22). There was a slight trend 
(t = 1.98, d.f. = 18, P < 0.06) towards females in their first breeding season 
having larger initial litters (7.5 ± 0.2 s.e., n = 15) than females in their second 
breeding season (6.6 ± 0.7 s.e., n = 5). The smallest initial litter size was 5 
young (n = 2, both mothers in their second breeding season). The single 6-
teated female was observed with 6 young in her first breeding season. 
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Mortality of pouch young and juveniles 
...,~'\J. 
63 
Mean litter size (based solely on{8-teated females) remained the same 
between June to July (Fig. 5). In August, only one of the six litters monitored 
in 1993 and 1994 suffered any mortality, and only one individual was lost 
from this litter (decreased from 7 young to 6). The overall pouch young 
mortality for the three months from June-August 1993-1994 was only 1.75%. 
By September, all young were left in dens whilst the mothers foraged 
at night. Direct assessment of survivorship in each litter during the denning 
stage was not attempted since alteration of the den to gain access would 
increase the vulnerability of the young to predators. The greatest juvenile 
mortality appeared to occur after they had been deposited in the den (Fig. 5). 
In 1993 and 1994 combined, the mean number of young per female 
decreased from 7 when first left in the den to 2.4 when the young first 
became trappable. This ,.:;;q.:Ovalent l:tJ 64% mortality over the three 
month period. However, the overall mortality of young at a site may 
actually be greater when the death of mothers before the young are 
independent is taken into account. For example, in 1993, 29 young were 
born to the 4 females at the site and all of these young survived to be left in 
dens. However, 2 of these mothers died before the young were old enough 
to survive alone, so in addition to the losses from the other two litters this 
resulted in an overall mortality of young during the denning stage of 72% 
in 1993. 
Although it may be argued that this apparently low number of 
surviving juveniles is merely a result of juveniles being trap-shy, their 
apparent paucity is reinforced by anecdotal observations; a mother was 
sighted with three offspring in a workshop at South Alligator in October 
(Y. Sorensen, pers. comm.) and one mother with only-two juveniles was 
observed in a termite mound den in late October (M. Oakwood, pers. obs.). 
On the three occasions when I trapped juveniles at their mothers' dens in 
late November I early December, only one juvenile was caught on each 
occasion, despite a surfeit of traps. This supports the notion that most 
juvenile mortality occurred after they were deposited in the den rather than 
whilst they were in the pouch. 
Mortality of dispersing young is probably also quite high since the 
number of emigrant young appears to be considerably greater than the 
number of immigrant young each year. In November, for 1992-1994 
combined, 22 young were present (11males,11 females) that had been born 
on the site, of which 2 (one male, one female) remained at the site early the 
following year. The male stayed for the breeding season, the female could 
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with specific mothers. 
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not be monitored due to the cessation of the study. In the following January-
February of the combined years (1993-1995), 11 immigrants (7 males, 4 
females) were trapped. Of the 8 immigrant young present in Jan-Feb 1993 
and 1994 (5 males, 3 females), only 38% (one female, 2 males) were still 
present for the following breeding seasons at this site. 
Abundance 
The overall mean capture rate for D. hallucatus per 100 trap-nights 
was 7.6, ranging from 2 in the late dry season to 17 during the wet. The peak 
in female abundance each year (Fig. 6) occurred during November-
December (early wet season) with the influx of juveniles into the trappable 
population causing high short-term densities. Of 11 female juveniles caught 
November-December when they were still associating with their mother, 
only 1 was recaptured in the following year. Her putative mother (from 
relative positions when first trapped) died that December. Presumably most 
juvenile females disperse from their natal ranges or die unless the death of 
a resident female creates a vacant territory (Spatial Organisation chapter). A 
small peak in male abundance also occurred in November (Fig. 7), when the 
juveniles first became trappable. Of .the 11 juvenile males trapped in 
November-December, only one was caught again the subsequent year. He 
stayed in the area until the mating season and developed into one of the 
largest males that year. His putative mother died in February. Male 
numbers tended to decrease after weaning and then increase again until the 
main peak which corresponded with the mating season (Fig. 7). This trend 
probably reflects post-weaning male dispersal followed by the increased 
mobility of males during the mating season. There was complete post-
mating mortality of males at Kapalga resulting in no adult males being 
present between September and March. Of the 37 road-killed males collected 
between Jabiru and Darwin, only one adult male was found between August 
and April (Fig. 8). This individual ·was found in November about 29km east 
of the Kapalga study site. He weighed 500g and was adult size. Unfortunately 
his extremely damaged state precluded body measurements being taken. 
Although the occasional individual may survive the post-mating period, it 
appears unlikely that they reach a second breeding season. The oldest male 
trapped was 14 months old. 
The sex ratio of adults known to be alive varies throughout the year 
in accordance with the trends in abundance described above. It ranges from 
0 (proportion of males) in September-October (late dry season) to a 
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maximum of 0.78 males during May (mating season). The overall sex ratio 
for the entire year at the main study site was 0.56, close to parity. 
Mortality of adult males 
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Males exhibited a striking seasonal die-off. Of the 26 adult males that 
were caught on the trapping grid, 85% ceased to be trapped and presumably 
died between April and June. At this time, they were 10-12 months old (Fig. 
9). The rest ceased to be trapped in either February or July. Eight males were 
radio-tracked to verify the timing of their deaths. Of these; one died in May 
(31 May), six died in June and one in early July (4 July). There was also a 
trend whereby most road-killed males were collected between April and 
June, around the mating season (Fig. 8). The road-kill data cannot be 
attributed to differential collecting effort as monitoring was consistent 
throughout the year. It also cannot be attributed to differential visibility as 
most bodies were collected directly from the bitumen. Sex-biased road 
mortality was evident in D. hallucatus with six times as many male road-
kill victims as females. No adult males were trapped from September to 
December, despite 1414 trap-nights during this period. 
Of the eight males radio-tracked to their death sites, the proximate 
causes were motor vehicles (3), predators (2; probably dingoes Canis lupus 
dingo), an olive python, Liasis olivaceus(l) and unspecified post-mating 
mortality (2). The latter two animals were found lying dead in logs, in very 
poor condition but no sign of predator damage or any other obvious 
proximate reason for death. Both had been dead for approximately 48 hours 
and were too putrescent for post-mortem. An additional male that had 
definitely been killed by a dingo was found on a firebreak, about 20km north 
of the site. Mortality caused by dingoes was recognised_ by the distinctive 
puncture marks of the two upper canines on the torso of fresh carcases, 
accompanied by internal bleeding and saliva matted fur (since dingoes left 
the bodies intact). In addition, since these deaths occurred in open sandy 
areas, dingo tracks were clearly apparent. 
Although the proximate cause of death for most males was motor 
vehicles or predators, physiological debilitation is probably the ultimate 
cause. As has been observed in Antechinus stuartii (Barker et al. 1978) and 
Parantechinus apicalis (Dickman and Braithwaite 1992), the occasional 
discovery of uninjured moribund males suggests that this seasonal die-off 
has a physiological basis (Barker et al. 1978). During and after the mating 
season, male D. hallucatus declined in body condition with marked weight 
loss and decrease in tail base circumference (Growth chapter), decrease in 
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(January; n = 26, 1993 and 1994 cohorts combined) that were 
still alive in relation to age. Death was confirmed for eight of 
these males by radio-tracking. 
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scrotal width (Fig. 1), fur loss, formation of sores on the tail, rump and soles 
of feet, and infestation with lice (Boopia uncinata). In June, a significantly 
greater number of males were observed to have lice infestations (85%) than 
in May (23%, x2 = 11.9, d.f. = 1, P < 0.001). In contrast, only 8% of females 
carried lice in June (n = 13). The single male caught in August was also 
infested. Lice were not observed on males or females at any other time of 
year. As found in Antechinus and Phascogale species, it is likely that high 
levels of corticosteroids at this time suppress the immune system and allow 
some parasites to become more prevalent (Cockburn et al., in prep.). The 
plasma testosterone concentration in male D. hallucatus was significantly 
higher during the mating period in late May (1.7 ± 0.2 s.e. ng/ml) than 
during the pre-mating (0.6 ng/ml) and post-mating period (0.7 ± 0.2 ng/ml, 
Fz,6 = 5.5, P < 0.04; Fig. 10). Surprisingly, male cortisol levels appeared to be at 
their lowest at the beginning of the mating season (similar to females) and 
did not increase dramatically as might be expected (Fig. 11). As the mating 
season progressed, males became anaemic with the percentage of red blood 
cells (packed cell volume, PCV) declining dramatically from around 40% in 
April to around 20% just before death in late May-June (Fig. 12). Since 
animals that are anaemic are likely to be stressed, an association between 
low PCV and high cortisol might be expected, however there was no 
evidence of this. As in A. stuartii (Barker et al. 1978) numerous white foci 
were seen on the surface of the livers of some males during this period. 
Males continued to produce scats containing prey remains, indicating that 
they continued to feed at this stage (Diet chapter). 
Mortality of adult females 
Females did not exhibit the marked seasonal die_-off of males (Fig. 6, 
13). Around the mating season, females showed slight anaemia but 
returned to their normal PCV's of around 40% by July (Fig. 12). Female 
levels of cortisol were at their lowest just prior to the mating period and 
increased slightly during this period (Fig. 11). There was an increase in 
mortality in the late dry season from September-November (Fig. 13). Ninety 
one percent of nine month old females (n = 11, old enough to have 
established a territory) survived to their first breeding season but only 54% 
survived to wean their young. Thirty six percent of the original number 
survived to their second breeding season but only 27% survived to wean a 
second litter (Fig. 14). None produced a third litter. 
Of the seven females radio-tracked to their site of death, six were 
killed by predators (dingoes (2), feral cats (2), owl (1), and a King Brown 
-E 
.......... 
O> 
c:: 
-Q) 
c:: 
0 
lo... 
Q) 
+"' (/) 
0 
+"' (/) 
Q) 
I-
ccs 
E 
(/) 
ccs 
a.. 
pre-mating mating post-mating 
2 
1.5 
1 
0.5 
0 
April May June 
Fig. 10. Changes in the mean(± s.e., n) plasma concentration of 
testosterone of male D. hallucatus from April to June. n =the 
number of individuals. 
72 
:::::-
"'C 
-C> 
::l 
-
0 
(/J 
t 
0 (.) 
pre-mating I rut post-mating 
8 
2 
T -0-- Male 
6 
Female 
4 
2 
1 
1 
0 
Mar Apr May Jun Jul Aug 
Fig. 11. Change in mean(± s.e., n) plasma cortisol for male and 
female D. hallucatus between March and August. n =the 
number of individuals. 
73 
Q) 
E 
::J 
0 
> 
Q) 
(.) 
"'O 
Q) 
.::£ (.) 
co (L 
rut 
50 D 
D M7252 45 
.Cb .•: ,J I •• • 
40 • • 
35 r! 
\ 
30 D 
D 
25 B 
• Females 
20 [J" most males die here D Males 
15 
May Jul Sep Nov Jan Mar 
1994 1995 
Fig. 12. Intra-annual changes in the Packed Cell Volume 
for male and female D. hallucatus. 
74 
wet season early dry late dry wet 
40 I I 
en DI I ()) 
co rut lactation 
E 
()) 30 7 
-
-c ()) 
"'C 
en ()) 
,,_ 
20 
-0 
>. 7 :!:::! 
co 
-
,,_ 
0 
E 10 
-c ()) 
(.) ,,_ 
()) 
0... 
0 
c ...Q ..... ..... >. c O> a.. 13 > (.) 
ctS Q) ctS a.. ctS ::s ::s ::s Q) 0 Q) 
J LL :2: <( :2: J J <( en 0 z Cl 
Month 
Fig. 13. Monthly percentage mortality for resident females on 
the study site(± s.e., n; 1992-1995 data combined). n =the 
number of resident females known to be alive in that month. 
75 
(]) 
-~ 
cu 
-+:i 
(/) 
(/) 
(]) 
cu 
E 
(]) 
-
-0 
(]) 
C> 
cu 
-c (]) 
(.) 
lo.-
(]) 
a_ 
1st breeding 2nd breeding 3rd breeding 
season season season 
D 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 
0) T"" ('I) LO I"-- 0) T"" ('I) LO I"-- 0) T"" ('I) LO I"--
T"" T"" T"" T"" T"" C\I C\I C\I C\I C\I ('I) ('I) ('I) ('I) 
Age (months) 
Fig. 14. Percentage of females that were present at 9 months of 
age (n = 11) that were still alive in relation to increasing age. 
Females under 9 months were excluded as absence prior to the 
establishment of territories may indicate dispersal rather than death. 
The death of six of these females was confirmed by radio-tracking. 
76 
snake, Pseudechis australis (1)) and one by an unknown toxin. Of the six 
killed by predators; two were on firebreaks, three were in areas with Il.o 
understorey after late dry season fire and one was in an open grassy area 
near a creek. 
Discussion 
Timing of reproductive events 
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D. hallucatus exhibits a synchronous reproductive cycle with the 
onset of reproductive events occurring around the same time each year 
(mid-dry season, May-June). In each population, reproductive events (e.g. 
mating) appear to occur within a two-week period, and often within the 
even shorter time frame of a few days (e.g. den deposition in 1993). This is 
comparable to the synchronised breeding of other dasyurids with male die-
off such as Phascogale calura, Antechinus stuartii, A. swainsonii and A. 
flavipes that also have 2-3 week mating periods (Braithwaite and Lee 1979; 
Dickman 1985; Bradley 1987). The timing of reproduction in A. stuartii is 
controlled by an endogenous circannual rhythm which overrides the effects 
of change in photoperiod (Dickman et al. 1987). Reproduction in Dasyurus 
spp. is also likely to be regulated by an endogenous circannual rhythm 
which causes an annual breeding cycle. However, there is evidence that 
changing photoperiod is also involved. Breeding in all Australian Dasyurus 
spp. begins during the season of shortest photoperiod, the austral winter (or 
dry season in the tropics). However, D. maculatus relocated to the northern 
hemisphere shifted the onset of reproduction by six months to correlate 
with the short photoperiod of the northern hemisphere winter (Collins 
et al. 1993). 
Although reproductive events are synchronous -in a particular 
population in a given year for D. hallucatus, there was minor interannual 
and geographic variation in the timing. Birth of young at Kapalga occurred 
mid-late June (Braithwaite and Griffiths 1994; this study). Birth appears to 
occur slightly later in other studied populations in northern Australia, 
pouch young first being recorded in July at Nawurlandja (Kakadu, Begg 
1981), and near-coastal Mitchell Plateau (Kimberley, Schmitt et al. 1989) and 
in August in East Arnhem Land (Northern Territory, Dixon and Huxley 
1985), Ebagoola (Cape York, Dixon and Huxley 1985) and inland Mitchell 
Plateau (Kimberley, Schmitt et al. 1989). Since there is no obvious 
longitudinal pattern to this slight variation in timing, it suggests that some 
additional local cue (apart from photoperiod) may be used to synchronise 
reproduction in each population. 
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Female reproduction 
-
Although gestation was unable to be accurately ascertained in this 
study, Aitkin et al. (1996) found it to be 21-25 days for D. hallucatus. This is 
similar to the gestations of the other Australian quoll species which have 
been recorded as 17-18 days (Chuditch, Serena et al. 1991), 18-24 days (Eastern 
Quall, Fletcher 1985; Hinds 1989), and about 21 days for Spotted-tailed Qualls 
(Fleay 1940; Settle 1978; Collins et al. 1993). 
Female D. hallucatus appear to never miss a year of reproduction. 
This is also the case in the smaller dasyurid A. stuartii (Lee and Cockburn 
1985). The only female D. hallucatus caught in July without pouch young 
(despite pouch development) was the oldest female recorded at the site (37 
months old). It was potentially her third breeding season but she died later 
that month. Failure to breed has also been found to be rare in D. viverrinus, 
with half of the observed cases (n = 7) being old females (Godsell 1983). A 
single D. hallucatus female recorded with a moist pouch in September at 
Mitchell Plateau but with no evidence of lactation or pouch young (Schmitt 
et. al 1989) may have been in second oestrus for the year, as has been 
recorded for other Dasyurus (Fletcher 1985; Soderquist and Serena 1990), or 
may also have been an old female. 
First year D. hallucatus mothers were found to have larger litters and 
a significantly higher proportion of males in a litter than second year 
mothers. This is a similar trend to that observed in some populations of 
Antechinus spp. where mothers have a high probability of breeding twice 
and male sex-biased dispersal occurs (Cockburn 1990). In contrast, in 
populations where semelparity is prevalent, sex ratios are close to parity 
(Cockburn 1990). In D. hallucatus perhaps more males are produced in the 
first year as they disperse rather than compete with the mother or siblings 
for local resources as conjectured by Bulmer (1986). Trivers and Willard 
(1973) argued that a healthy mother (i.e. young, first breeding season for 
D. hallucatus) producing males is more likely to be able to wean larger and 
more competitive males who are more likely to achieve reproductive 
success. In her second breeding season when she is less healthy (senescent, 
showing a decline in fecundity and survival), unhealthy daughters will still 
achieve breeding success (providing they secure a territory) so it is better to 
invest in daughters. Since there is little chance that a mother will survive to 
a third breeding season, a surviving daughter could take over her territory. 
The mechanisms by which sex ratio regulation is achieved are still the focus 
of much speculation (Cockburn 1990), although recent research suggests that 
bias is already present at birth for A. stuartii (S. Ward, pers. comm.). 
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However, despite the bias in sex ratio in relation to maternal age of 
D. hallucatus, there was no convincing evidence of male-biased dispersal 
during this study. Of the 22 young that were born on the site, only one 
female and one male were recaptured early the following year still in the 
natal area. Their respective putative mothers had died during the 
intervening period. Perhaps there is a tendency for both sexes to disperse 
unless the mother dies. Alternatively, the lack of evidence of philopatry 
may be a result of extremely high mortality of the young and general failure 
to recruit into the population during the years of the study. There were 
some areas within the study site that despite having apparently suitable den 
sites appeared to be unoccupied for long periods of time (Spatial 
Organisation chapter). There was one instance in this study of a female in 
her second breeding season sharing some territory and den sites with a 
female in her first breeding season (Spatial Organisation chapter). It is likely 
that they were mother and daughter. Sharing space with the offspring is 
likely to diminish future parental success (Waser and Jones 1983) but the 
trade-off is that the daughter is more likely to be successful than if she had 
to disperse and gain a territory in a new area. She then inherits the territory 
when the mother dies. Females possibly only have a few months at the 
beginning of the year to secure a suitable territory and may die if 
unsuccessful. It seems unlikely that a pool of 'transient' females existed at 
the study site as territories made vacant by deaths were often not re-
occupied until the following recruitment period, depending on the habitat. 
When the death of a resident female occurred, if the territory included 
desirable rocky habitat, then the boundaries of neighbouring females shifted 
to include the area whereas forest or woodland areas were more likely to 
remain empty (Spatial Organisation chapter). 
Marsupials have been found to generally have longer conception to 
weaning periods than eutherians of similar size (Braithwaite and Lee 1979; 
Lee and Cockburn 1985; Thompson 1987). Dasyurus (and some other 
dasyurids) share a pattern of one litter born at approximately the same time 
each year with a characteristically long period of maternal investment 
(Table 2). This pattern persists despite the various species occupying vastly 
different habitats ranging from the extremes of desert (D. geoffroii former 
range) to rainforest (D. maculatus gracilis). In lower latitudes, the period of 
greatest lactational investment and weaning coincides with the peak in food 
accessibility (spring and early summer), so this would favour selection of 
Table 2. Comparison of reproductive characteristics of the six known Dasyurus species. 
Ma.xllnum 
Species Body No. teats Mean Litter Mating Birth Weaned Dispersal Max. Lifespan Refs 
weight (kg) Size in wild (years) 
Australian 
D. hallucatus 1.1 8 (5,6,7,8,10(?)) 7 May-Jul Jun-Aug Oct-Jan Nov-Feb 3 (F) 1.5 (M) 1, 2, 4, 13, 14 
D. geoffroii 1.3 6 5 Apr-Jul May-Jul Oct-Dec Nov-Jan 3 15,16 
D. viverrinus 1.3 6 (8 on mainland) 4, 3 May-Jun June Oct-Jan Nov-Dec 4 (F) 3 (M) 9, 10, 11, 12 
D. maculatus 7.0 6 5 Apr-Jul. May-Aug Oct-Feb Nov-Feb 3 3,6,7 
New Guinean 
D. albopunctatus 0.7 6(n=l) 4-6 Jan-Mar? 3-4? 5,8 
D. spartacus 7 (n=l) Feb? 8, 17 
References: 1 Begg (1981), 2 Braithwaite and Griffiths (1994), 3 S. Burnett pers. comm., 4 Dixon and Huxley (1985), 5 Dwyer (1983), 6 Edgar and Belcher 
(1995), 7 K. Firestone (pers. comm.), 8 Flannery (1995), 9 Fleay (1935), 10 Godsell (1983), 11 Godsell (1995), 12 D. Moyle (pers. comm.), 13 M. Oakwood 
(this study), 14 Schmitt et al. (1989), 15 Serena and Soderquist 1995, 16 Serena et al. (1991), 17 Van Dyck (1988). 
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synchronous oestrus and mating (Braithwaite and Lee 1979). However, in 
the wet-dry tropics, it is interesting that only the weaning and dispersal 
phase coincides with the peak in food availability (invertebrates), during the 
wet season. The late lactational period coincides with the late dry season, a 
period of stress when free water is usually unavailable, fruits are absent and 
insects are less abundant (Churchill 1994; Griffiths 1994). 
Long maternal care poses a great risk of reproductive failure due to 
either maternal stress or mortality of the mother and/ or the juveniles 
(Thompson 1987). Although the longer period of maternal investment may 
constrain litter frequency, an alternative reproductive strategy of smaller 
marsupials is to increase fecundity by increasing litter size (Thompson 1987). 
If the period of maternal investment of the four Australian Dasyurus 
species is similar despite their body size differences, why does D. hallucatus 
possess a variable and on average, a larger number of teats than the other 
species and consequently bear larger litters (Table 2)? The small body size of 
D. hallucatus in addition to the coincidence of the late lactational period 
with the late dry season in northern Australia may increase the risk of 
mortality for this species and hence larger litters are necessary to offset the 
risk. 
Juvenile mortality 
Braithwaite and Griffiths (1994) stated that pouch young mortality 
was high in D. hallucatus using mean litter size as an index. This is not 
necessarily indicative of loss of young since the number of teats (and hence 
the maximum number of young) while typically 8, varies from 5 (this study) 
to 10 (Braithwaite and Griffiths 1994). A female may have 5 young but have 
suffered no mortality. Using an index based on mean litter size, a small 
sample may be considerably biased by the inclusion of one extreme animal. 
For example, Braithwaite and Griffiths (1994) 85% pouch young mortality 
from July to September in 1989-1992 was based on a September sample size 
of only one litter. Pouch young mortality was found to be considerably less 
during an earlier study period (18%, 1985-87, Braithwaite and Griffiths 1994) 
and also in Begg's 1977-79 study at Nawurlandja (31 %, Begg 1981). At 
Kapalga (this study), individual females were monitored during the pouch 
young period and pouch young mortality was found to be even lower, with 
only one litter losing one young between June and August giving an overall 
mortality of only 1.75%. 
In contrast, high levels of juvenile mortality appeared to occur after 
they were left in the den, although this was unable to be assessed directly. 
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The mean number of young per female declined from 7 in August to 2.4 by 
mid-November. The survival of young through the denning period is also 
jeopardised by the high mortality of mothers during this stage (late dry 
season). Many litters are orphaned before they are sufficiently developed to 
survive independently. Mortality of independent juveniles was not able to 
be directly assessed as young that are no longer trapped may have either 
dispersed or died. However, the sudden decrease in numbers of juveniles 
caught between December and February may indicate high mortality since 
dispersal might be expected to be offset by the arrival of immigrant young, 
particularly into an area where there is high quality habitat in the form of 
rocky hills (Den and Habitat Use chapter). Certainly newly independent 
young are in a size range that makes them vulnerable to a large suite of 
predators. 
Male reproduction and mortality 
The apparent decline in male population after the mating season 
could be argued to be an artefact of reduced range size or change in habitat 
use. However, even if ranges decreased, it would be expected that some 
males would still be caught. Begg (1981), whose study site was centred on a 
rocky outlier, conjectured that males at this time "leave the population" 
(p 76). However, if there was a change in habitat use away from the rocks to 
the open forest/woodland at this time of year, then males should still have 
regularly been detected in Braithwaite and Griffith's study (1994), but they 
were not. There is a conspicuous absence of adult-sized males at 
Nawurlandja and Kapalga between August and January each year (Begg 
1981; Dickman and Braithwaite 1992; Braithwaite and Griffiths 1994; this 
study) although one adult male road-kill was found irr Kakadu in 
November (this study). The few males assumed to have reached a second 
breeding season in other studies (Begg 1981; Schmitt et al. 1989) were aged 
on the basis of weight. None had been caught the previous year. Since males 
can attain maximum adult weight as early as 7 months old (4 months prior 
to their first breeding season!; Growth and Development chapter), weight is 
unreliable for age estimation. Evidence from radio-tracking and the 
temporal distribution of road-kills during this study indicates that the 
majority of male D. hallucatus in this area die shortly after the mating 
season. Of the eight males tracked to their death sites, six died within 2 
weeks of mating. Of the remaining males, one died shortly before the 
mating period and the other, a month after. The proximate cause of death 
was predators (three), motor vehicles (three) and two with no apparent 
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injuries or external agent involved. The greater incidence of road mortality 
for males than for females was not a consequence of greater abundance of 
males, as the overall ratio of adult males to females at my study site across 
the year was close to parity. More likely, it was due to males' greater mobility 
during the mating season as they travelled long distances through 
unfamiliar territory to monitor the onset of oestrus in widely spaced 
females. The two deaths that occurred with no obvious extrinsic cause 
suggested that physiological investigation was warranted. 
Total post-mating mortality of males is known from several species 
of smaller dasyurids including Antechinus spp., Parantechinus apicalis and 
Phascogale spp. (Bradley 1987). Death is considered to result from stress 
mediated by an increase in plasma glucocorticoid concentration exacerbated 
by an androgen-dependent decrease in corticosteroid-binding globulin, CBG 
(Bradley 1987). Glucocorticoids and testosterone have both be shown to 
inhibit immune and inflammatory responses (Kass and Finland 1953; Wyle 
and Kent 1977) and may act synergistically to produce the range of effects 
observed in males including anaemia (Cheal et al. 1976), gastrointestinal 
haemorrhage and disease (Barker et al. 1978; Bradley et al. 1980; Bradley 1987; 
Dickman and Braithwaite 1992), negative nitrogen balance (Woollard 1971; 
Bradley 1987), lymphopenia and neutrophilia (Cheal et al. 1976), splenic 
hypertrophy (Barker et al. 1978), immune suppression and disease (Barker 
et al. 1978; Bradley et al. 1980) and degeneration of organs (Williams and 
Williams 1982). The external symptoms in these males include weight loss, 
fur loss and a proliferation of parasites (Lee and Cockburn 1985). It has 
previously been suggested that the increase in cortisol is necessary to allow 
protein catabolism in small bodied species that were unable to acquire 
sufficient fat reserves to survive an intense rut (Lee and Cockburn 1985; 
Lazenby-Cohen and Cockburn 1988). However, the finding that at least some 
populations of the much larger D. hallucatus also demonstrate complete 
post-mating mortality, makes this hypothesis less likely. The question is, 
how similar is this phenomenon in D. hallucatus to the smaller dasyurid 
die-off? There appear to be some differences in the underlying mechanisms. 
Like males of smaller dasyurid species that exhibit die-off, 
D. hallucatus males exhibit weight loss, loss of fur, and proliferation of 
parasites during the mating period and die-off. Male A. stuartii faeces are 
watery and contain little chitin during mating, suggesting a reduction in 
feeding (Lee and Cockburn 1985). In contrast, male D. hallucatus scats 
continue to contain chitin and vertebrate remains during this time. If 
feeding continues, then gluconeogenesis to gain energy from body tissues 
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would not be required to the same degree as for A. stuartii males. However, 
if food intake is insufficient to allow the mobility required to achieve 
reproductive success, then some body protein catabolism would still be 
required by D. hallucatus males, thus cortisol would increase and this in 
turn would suppress the immune system. An increase in free cortisol 
results in a negative nitrogen balance and weight loss (Schmitt et al. 1989). 
Both sexes of D. hallucatus at Kapalga showed a gradual increase of cortisol 
and decrease in body weight during the mating season and after. 
Surprisingly though, the highest levels of cortisol were recorded for females 
during March when their body weights were increasing, and for males in 
April, when they were at peak body weight (Growth and Development 
chapter). Since increased free cortisol is considered to indicate stress in 
dasyurids (Bradley 1987), it might be expected that male D. hallucatus would 
show higher levels than females and that males would peak during the 
mating period in late May. Yet, both peaked before mating and there was no 
significant difference in cortisol between the sexes. Schmitt et al. (1989) also 
found no indication of male D. hallucatus having higher cortisol than 
females. This is quite unlike the pattern in smaller dasyurids e.g. Phascogale 
calura where free cortisol increases dramatically to its highest peak in males 
just before death and females show a decrease at that time (Bradley 1987). 
Perhaps, because male D. hallucatus continue to forage, gluconeogenesis is 
not required to the same degree for energy so cortisol may not play as great a 
role as testosterone in immunosuppression in this species. 
Various species of dasyurid, including those with total post-mating 
mortality (A. stuartii, Kerr and Hedger 1983; P. calura Bradley 1987) and 
those with some post-mating mortality (D. viverrinus, Godsell 1983) have 
been reported to have maximal testosterone levels during the mating 
period (Godsell 1983; Kerr and Hedger 1983; Bryant 1986; Bradley 1987). 
These testosterone levels remain high until die-off for the former two 
species, but decrease after the mating period for the latter. D. hallucatus, in a 
population at Mitchell Plateau where some males survive at least two 
months after mating, showed a peak in testosterone during the mating 
period and a decrease after (Schmitt et al. 1989). At Kapalga, where more 
abrupt die-off occurs, it could be expected that testosterone would remain 
high until death, however the concentrations had fallen significantly 
within a week of mating. Lower concentration allows an increase in plasma 
CBG which should reduce the cortisol concentration and reduce stress 
(Bradley 1987). However, there was no evidence of a reduction in cortisol 
accompanying the decrease in testosterone in June in D. hallucatus. 
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Like male Antechinus spp., male D. hallucatus demonstrate marked 
anaemia. A healthy adult male D. hallucatus in April had the same Packed 
Cell Volume (43%, n = 2) as a healthy male D. viverrinus (43%, Melrose et 
al. 1987), a species that has some reduction in male survival following 
mating (Godsell 1982, 1983). However, after mating, the minimal PCV levels 
in D. hallucatus males were 20%, which was lower than the lowest recorded 
from a moribund A. stuartii (25%, Barker et al. 1978). Bradley (1987) suggests 
that the proximate cause of mortality for both Phascogale and Antechinus 
males after the rut is massive gastrointestinal ulceration, although 
babesiosis is also considered to be a contributor in some cases (Cheal et al. 
1976). Interestingly though, unlike Antechinus and Phascogale, none of 16 
road-killed male D. hallucatus examined in June-August showed evidence 
of gastro-intestinal ulceration or haemorrhage either macroscopically (M. 
Oakwood, pers. obs.) or microscopically (D. Pritchard, pers. comm.). 
Presidente (pers. comm. in Schmitt et al. 1989) also found no evidence of 
ulceration in four male D. hallucatus from Mitchell Plateau examined in 
July. Perhaps then, parasitaemias could be involved. Babesia thylacis has 
been recorded from D. hallucatus at Mitchell Plateau (Bangs and Purnomo 
1996), however this parasite was not screened for during this study. Future 
studies on die-off in D. hallucatus males may profit from examining the 
possible role of parasites as a cause of the anaemia. However, in P. calura, 
only a low incidence of sporozoan-induced haemolytic anaemia was 
detected so this cannot be the sole explanation for the total and synchronous 
male mortality in this species (Bradley 1987). The overall mechanism for 
dasyurid die-off still remains obscure. 
In A. stuartii, spermatogenesis fails before the annual rut (Kerr and 
Hedger 1983). Could this be the case with the much larger Northern Quoll? 
Taggart and Temple-Smith (1994) considered that unlike Antechinus spp., 
D. hallucatus testicular weight did not fall below that of the epididymis 
during the breeding season, so that spermatogenesis continues throughout 
the mating period. This was also supported in their study by measurements 
of seminiferous tubule diameters and light microscopy. In this study, 
although there was regression of testicular size after the mating season, 
spermatogenic cells were still observed in June and August suggesting that 
the testes are still patent and that males would be capable of reproducing in 
a second year if they survived that long. However, at this site males were 
extremely short-lived and did not survive to a second breeding season. 
D. hallucatus appears to be a species that is intermediate between 
semelparity and iteroparity. Unlike A. stuartii, which is locked into the 
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semelparous life history by spermatogenetic failure preventing selection for 
its restoration (Cockburn 1991), D. hallucatus still has the capacity to evolve 
towards either life history mode. 
Evolution of life history characteristics 
Promislow and Harvey (1990) highlighted the importance of age-
related mortality as a determinant in the evolution of life history 
characteristics. If adult survival is lower than juvenile survival, then 
semelparity is likely to be favoured (Reznick et al. 1990). D. hallucatus 
appears to be shorter lived than the other three species of Australian 
Dasyurus (Table 2) and suffers high adult and juvenile mortality. Although 
the oldest female quoll recorded in this study was just over 3 years, only 
27% (of resident females greater than 8 months old) survived to wean a 
second litter. None bore a third litter. In contrast, 11 % of D. viverrinus 
females produced litters in a third breeding season (Godsell 1983). This short 
lifespan and high mortality of adult D. hallucatus, is likely to select towards 
semelparity with fecundity at the first breeding season being the primary 
determinant of lifetime reproductive success. Since maximum litter size is 
limited by teat number (Tyndale-Biscoe and Renfree 1987), selection for 
greater teat number could be occurring in the population. D. hallucatus has 
considerable variation in teat number from 5 (this study) to 10 (Braithwaite 
and Griffiths 1994), however, they usually possess 8. In contrast, the larger 
bodied extant Dasyurus in temperate climates all possess six teats (Table 2). 
Their larger body size and longer lifespan may enhance the chance of 
females successfully reproducing a second and occasionally even a third 
time, thus there may be less selective pressure for a larger litter and 
marginally stronger selection towards iteroparity. Change in age-specific 
predation on a population can lead to dramatic life history evolution in as 
few as 30 to 60 generations (Reznick et al. 1990). Thus, in the case of 
D. hallucatus, increased predation pressure on adults due to human 
disturbance (extensive wildfire, grazing) which increases vulnerability to 
predators by removing shelter (Corbett 1995) combined with increased 
predator abundance (particularly dingoes, Bauer 1959; Corbett 1995) may 
push populations towards semelparity, particularly those in more disturbed 
areas e.g. lowland savanna more than rocky plateaux. 
The next obvious question is why might there be higher adult 
mortality in this species than for its Australian congeners? Perhaps the 
Northern Quolls smaller size makes them vulnerable to a greater suite of 
predators. Of the seven females radio-tracked to their death sites, 86% were 
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killed by predators. In addition, their tropical distribution and its 
concomitant higher diversity and abundance of snakes (Shine 1993) and 
raptors may increase their likelihood of being eaten compared to their 
congeners in southern temperate areas. If smaller size increases 
vulnerability to predators, why did Northern Quolls remain relatively 
small? Adult female Northern Quolls are significantly smaller than males. 
Smaller females may be favoured as they need less energy for maintenance 
(Erlinge 1979), allowing more to be channelled into reproduction (Moors 
1980). Body size may also be limited by the availability of resources during 
the period of reduced mobility when the young are in the den in the late dry 
season. However, males are significantly larger than females and only 38% 
(n = 8) were killed by predators. If large size is advantageous in competition 
for mating and additionally reduces vulnerability to predators, why are 
males not still increasing in body size? Perhaps there is a thermal constraint, 
the larger an animal is, the smaller its surface area to volume ratio and the 
more difficult it is to keep cool. In the wet-dry tropics, temperatures are 
constantly high ranging from a mean monthly maximum of 31 to 37°C 
(Bureau of Meteorology). D. hallucatus has a mean body temperature of 
34°C when resting and although able to maintain body temperature at lower 
ambient temperatures (down to 10°C), at ambient temperatures above 34°C, 
its body temperature begins to rise and can only be controlled by evasion of 
the heat (Morrison 1965). 
Differing costs of reproduction in different environments lead to 
distinctive life history patterns (Harvey et al. 1989) within the phylogenetic 
constraints. D. hallucatus differs from its Australian congeners in having a 
shorter lifespan, a physiologically based complete male die-off after mating 
at some sites, variable number of teats and larger litters. Some of these 
features may partially be a function of being the smallest species in this 
dasyurid genus, but are also likely to be strongly related to specific 
determinants of mortality and reproductive success in the habitats of their 
northern distribution. In the past, in recognition of its morphological 
differences from the other species, D. hallucatus was classified as a different 
monotypic Genus Satanellus by Pocock (Archer 1982). This distance between 
D. hallucatus and the other three Dasyurus species has also been confirmed 
by isozyme electrophoresis (Baverstock et al. 1982) and microsatellite 
analysis which indicates that the other three species are genetically closer 
and Northern Quolls are the most dissimilar (K. Firestone, pers. comm.). 
Certainly the life history pattern featuring complete male die-off of 
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D. hallucatus is spectacularly different to the other three Australian quoll 
species and closer to some smaller dasyurids. It remains to be seen whether 
the New Guinean species of Dasyurus also tend towards male semelparity. 
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Little evidence of toxoplasmosis in a declining species, the Northern Quoll 
(Dasyurus hallucatus). -
Meri Oakwood and David Pritchard 
Abstract 
An epidemic of toxoplasmosis has been postulated to be the reason 
for the rapid decline of the large carnivorous marsupials in south-eastern 
Australia at the turn of the century. The range of the Northern Quoll 
(Dasyurus hallucatus) has recently been recognised to be contracting 
presenting the opportunity to determine whether toxoplasmosis is 
involved. Sera and tissue from twenty eight road-killed Northern Quolls 
from Kakadu National Park in northern Australia were examined for 
evidence of infection with Toxoplasma gondii. Two quolls had very low 
serologic titres for T. gondii, the significance of which is unknown. The 
remaining samples showed no reaction, despite the fact that most were 
collected from males during the post-mating period when their 
immunocompetence was likely to be compromised and latent infections 
were likely to become overt. No histological evidence of toxoplasmosis was 
detected in any of the specimens. Toxoplasmosis is unlikely to be a major 
contributor to quoll decline in this region. 
Introduction 
Toxoplasmosis is caused by the protozoa! parasite Toxoplasma gondii 
(subclass Coccidia), which has a cosmopolitan distribution (Faust and 
Russell 1964; Stevenson and Hughes 1980; Dubey and Beattie 1988; Morsy 
et al. 1994). T. gondii was probably introduced to Austr_alia with the arrival 
of cats (Felis catus), which are the only definitive hosts of this parasite 
(Johnson et al. 1988). A variety of mammals (including humans) and birds 
may act as the intermediate hosts (Cook and Pope 1959; Gibb et al. 1966; Katz 
et al. 1988; Obendorf and Munday 1990; Smith et al. 1992; Morsy et al. 1994). 
Infection in intermediate hosts may be acquired by ingestion of T. gondii 
oocysts either directly from cat faeces or from the digestive tracts of annelid 
and arthropod prey which have previously contacted cat faeces. T. gondii 
may also be transmitted as cysts in the tissues of mammal or bird prey, or 
transplacentally (Obendorf and Munday 1990). 
Toxoplasmosis may remain clinically inapparent but stress may 
reduce immunocompetence, leading to multiplication of the protozoa! 
parasite and a range of symptoms including clouding of the cornea, lethargy, 
unnatural daytime activity, respiratory distress, incoordination including 
staggering, convulsions and often sudden death (Cook and Pope 1959; 
Attwood et al. 1975; Canfield et al. 1990; Obendorf and Munday 1990). 
Encephalitis, myocarditis and pneumonitis have also been reported in 
association with T. gondii cysts (Cook and Pope 1959; Attwood et al. 1975). 
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Toxoplasmosis is common in marsupials as both a subclinical 
infection and an overt disease (Munday 1978). It is prevalent in wild 
populations of Eastern Barred Bandicoots, Perameles gunnii (Obendorf and 
Munday 1990) and macropods in southern Australia (Gibb et al. 1966; 
Johnson et al. 1988). Eight of nine species of dasyurid fed contaminated 
sheep tissue showed evidence of infection (Attwood et al. 1975), however no 
Dasyurus spp. were included in this study. Attwood et al. (1975) also 
recorded endemic T. gondii in a wild population of Dasyuroides byrnei in 
an arid region of Queensland. 
The dramatic decline of the Eastern Quoll (Dasyurus viverrinus) in 
mainland Australia around the turn of the century has been attributed to 
disease (Wood-Jones 1923; Fleay 1945; Martin 1945; Rosan 1945; Troughton 
1951) and it has been suggested that toxoplasmosis may have been involved 
(Shepherd and Mahood 1978; Caughley 1980), although there is no empirical 
evidence to support this. Disease has also been postulated to have been 
involved in the general decline of the Spotted-tailed Quoll (Dasyurus 
maculatus; Edgar 1983), in addition to the Eastern Quoll (Dasyurus 
viverrinus) and the Tasmanian Devil (Sarcophilus harrisii) in Tasmania 
during the same period (Green 1973). However, the Chuditch (D. geoffroii) 
has suffered the most extensive range contraction of any Dasyurus species 
and disease has not been implicated (Serena and Soderquist 1995). 
Until recently, the Northern Quoll (D. hallucatus), was considered to 
be secure in abundance and geographic range (e.g. see Begg 1983). However, 
it has now become apparent that this species, like its southern congeners, is 
also declining (Braithwaite and Griffiths 1994; Braithwaite and Begg 1995). 
At the beginning of this century, D. hallucatus occupied a broad band across 
northern Australia but now has contracted from southern Queensland, 
inland Queensland, the Gulf of Carpentaria, and other areas particularly 
savanna, to several disjunct populations often centred on rocky ranges 
(Woinarski et al. 1992; Braithwaite and Griffiths 1994). Even in the apparent 
stronghold of Kakadu National Park, D. hallucatus has declined in 
abundance in the lowland savanna (Morris 1996; Braithwaite and Muller 
1997), although not as dramatically as other small mammal species 
(Braithwaite and Griffiths 1994; C. Wanganeen, pers. comm.). Dickman 
(1995) suggested that to resolve whether toxoplasmosis currently has 
deleterious effects on wildlife, screening of declining populations for the 
disease should be conducted. This study was undertaken to assess whether 
toxoplasmosis was a contributing factor in the decline of Northern Quolls. 
Methods 
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Fresh road-killed D. hallucatus were collected from an 88km section 
of the Arnhem Highway between Jabiru (12039'S, 132050'E) and the 
Northern Entry Station (12048'S, 132008'E) in Kakadu National Park, the 
Northern Territory (see Reproduction and Demography chapter for details). 
Additional bodies were collected from nearby areas opportunistically. 
Only quolls that were six months or older at the time of death were 
used in this study as cysts of T. gondii have not been recorded in animals 
less than six months of age (Attwood et al. 1975). Carcases were kept cool 
and blood was collected from the visceral cavity or heart generally 1-6 hours 
after discovery at the death site. Tissue samples were collected for 
histological examination from the gut, diaphragm, tongue, liver, hindleg 
muscle, heart, both lungs and brain, the latter three being predilection sites 
for T. gondii cysts. Tissues were fixed in 10% formol-saline. Blood and tissue 
samples were transported approximately 200km in an insulated container to 
the Berrimah Veterinary Laboratories in Darwin. Serological samples were 
analysed using Toxoplasma Latex Agglutination Test kits (Fumouze 
Diagnostics; 26, rue des Freres Chausson, Asnieres, France). This is a 
qualitative screening test in which 25µ1 of the latex reagent is added to 25µ1 
of test serum on a slide, mixed and spread to cover a pre-marked square. 
The slide is gently rocked in a rotary motion. A positive reaction is denoted 
by agglutination, with clearing of the background mixture, within six 
minutes. The test was also applied in a semi-quantitative manner to 
reactors in the screening test, by repeating the procedure on serial dilutions 
of the serum (1:2, 1:3, 1:4, etc). 
Tissue samples for histological examination were processed by 
routine dehydration and paraffin embedding. Sections were cut at 5µm, 
rehydrated and stained with haematoxylin and eosin, covered with a glass 
coverslip and mounted with DPX before microscopic examination. 
Results 
Of 71 dead quolls collected, only 28 (20 males, 8 females) were 
sufficiently fresh and intact for histologic examination of the selected 
tissues. Most males collected were from the post-mating period (Fig. 1). 
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Serum was obtained from 22 of these individuals (15 males, 7 females). 
Twenty of these samples showed no reaction. The remaining two samples 
(1female,1 male) were very low level reactors with a titre of 1: 2 and 1: 3 
respectively. Histological examination of tissues from these two specimens 
showed no abnormalities which might be attributed to T. gondii. No cysts 
were identified in any of the specimens and no other evidence of infection 
was attributed to T. gondii. 
Discussion 
In several dasyurid species, post-mating mortality is associated with 
physiological stress and marked reductions in immunocompetence (Lee and 
Cockburn 1985; Bradley 1987). Male D. hallucatus exhibit complete post-
mating mortality in the lowland savanna where this study was conducted 
(Dickman and Braithwaite 1992; Braithwaite and Griffiths 1994). In infected 
animals, acute toxoplasmosis may be induced by stress (Johnson et al. 1988; 
Obendorf and Munday 1990). Thus the stress of the post-mating period may 
predispose males to express previously subclinical toxoplasmosis infections. 
Even though most samples were derived from males at this time of year, no 
clinical toxoplasmosis was detected. 
The importance of the low serologic titre obtained for two 
individuals is unclear. Low titre may represent evidence of a previous 
exposure to the organism or the beginning of an infection. However, a 
subsequent measurement showing a rising titre would be required to 
ascertain the latter situation. Obviously, this is not feasible for road-kills. 
Alternatively, low titre may be non-specific under some conditions and may 
possibly be due to a clotting mechanism enzyme and not a specific antibody 
(Moyle 1965). Attwood et al. (1975) reported that there was, in general, a 
close relationship between high serologic titres and histologic evidence of 
an inflammatory response to T. gondii. In this study, as would be expected 
from the serology results, no cysts were identified from any individuals and 
no other evidence of infection was attributed to T. gondii. 
This lack of serologic and histologic evidence of toxoplasmosis was 
supported by a lack of external symptoms noted during extensive trapping 
of the local D. hallucatus population over the last decade. Of the 514 
D. hallucatus (6 months and older) caught by two mammal survey groups at 
Kapalga Research Station in Kakadu National Park between 1985-1995 
(Braithwaite and Griffiths 1994; C. Wanganeen, pers. comm., M. Oakwood, 
unpub. data), none appeared to have any difficulties in mobility. Only one 
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Fig. 1. Age at death of road-killed D. hallucatus examined for 
toxoplasmosis (n = 28: 20 males and 8 females). Mating occurs 
late-May to early-June when males are just under 12 months old. 
Most male road-kills occurred within two weeks after mating, 
presumably due to the coincidence of the time of maximum 
mobility and physiological stress with the peak in tourist vehicle 
numbers. 
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individual showed corneal opacity in one eye, however there are many 
possible causes for this, Toxoplasma infection being an uncommon cause. 
This quoll appeared to have no other symptoms. In addition, of 15 
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D. hallucatus radio-tracked to their death sites between 1992-1994, the 
proximate causes of 13 were clearly predation, motor vehicles and one case 
of poisoning leaving only two deaths unexplained (both post-mating males; 
M. Oakwood, unpub. data). It would appear that toxoplasmosis is not a 
major factor causing the decline of Northern Qualls in this region. 
Why does toxoplasmosis appear to be uncommon in Northern 
Qualls in Kakadu? Munday (1972) and Wallace et al. (1972) both reported a 
positive correlation between the presence of cats, the definitive hosts of the 
parasite, and the prevalence of T. gondii in intermediate hosts on islands. 
Jakob (1980) found that feral cats have a high prevalence of antibodies to 
T. gondii (31 %, n = 89) in the Darling Ranges, south-west Western Australia. 
Toxoplasmosis prevalence could be expected to be low in Kakadu National 
Park if cats were rare. However, feral cats are widespread in Kakadu and 
although they may be sparse in open forest and woodland (Ridpath 1991) 
they appear to be patchily common around creeks, the edges of monsoon 
forest and floodplain fringes (L. Corbett, pers. comm., M. Oakwood, pers. 
obs.). At least four adults and three kittens were observed on a 35 ha study 
site near a creek in open forest/woodland during a two year period at 
Kapalga (M. Oakwood, pers. obs.). Given that D. hallucatus are present in 
the same habitats as cats, the lack of prevalence of toxoplasmosis is not 
simply a function of non-overlapping habitat use of the two species. 
Feral cats in the wet-dry tropics of the Northern Territory have not 
yet been examined for toxoplasmosis. Toxoplasmosis has been detected near 
Darwin in two humans (congenital cases in the same year, V. Krause, pers. 
comm.) so the disease may be present in the feral cat population. However, 
despite histological examination of cases of death of captive native animals 
and neonatal livestock in this region over a period of twenty years, no 
Toxoplasma cysts have been observed (D. Pritchard, unpub. data). This 
suggests that toxoplasmosis may be less prevalent than in southern 
Australia, perhaps due to the strongly seasonal climate in the wet-dry 
tropics, with almost all of the rain confined to the wet season from 
November-March. On a global basis, toxoplasmosis infections are more 
common in moist tropical (e.g. Tahiti) and temperate (e.g. New Zealand) 
areas rather than cold or hot, dry areas (Moyle 1964). Within Australia, this 
trend is also evident, with serological studies of sheep finding 
toxoplasmosis to be more prevalent in cooler moist southern regions than 
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in hotter drier regions (O'Donoghue et al. 1987). Moist conditions may 
enhance the survival of the exogenous oocysts of T. gondii, prolonging the 
period of cyst infectivity to intermediate hosts (O'Donoghue et al. 1987). The 
long dry season in the wet-dry tropics may diminish the chance of oocyst 
survival. Further research, including serological surveys of feral cats and 
wild mammal populations, is required to assess the prevalence and 
significance of T. gondii in the wet-dry tropics. 
Perhaps toxoplasmosis is present in Kakadu but Northern Quolls are 
not particularly susceptible. Attwood et al. (1975) found that 21 Antechinus 
stuartii remained free from the infection despite being fed the same diet of 
raw sheep tissue that transferred toxoplasmosis to eight other dasyurid 
species. Obendorf (pers. comm. in Braithwaite and Griffiths 1994) stated that 
toxoplasmosis had not been detected in the few individuals of Dasyurus 
examined. In addition, Munday (1966) found no evidence of toxoplasmosis 
in seven D. viverrinus and one D. maculatus in Tasmania despite detecting 
it in other smaller dasyurids (Antechinus spp ). Perhaps some species of 
dasyurid, including the Northern Quoll, may possess a degree of 
Toxoplasma resistance. 
Although there has been dramatic range contractions on the 
mainland for all Dasyurus species, there is still no definitive evidence that 
their decline is related to toxoplasmosis. Perhaps, the decline of large 
carnivorous marsupials early this century in the southern states may have 
been precipitated by other factors such as the increasing use of rabbit poison 
(Dickman 1995). This however cannot account for the more recent 
D. hallucatus decline in the rabbit-free areas of the Northern Territory. 
There are likely to be numerous factors contributing to D. hallucatus 
decline, however this study provides an indication that toxoplasmosis is not 
a major contributor. Monitoring of the serological status of live individuals 
in wild populations spread over a wide geographic area would be required 
to eliminate this disease as a current causal agent. 
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The diet of the Northern Quoll (Dasyurus hallucatus) in savanna in 
the wet-dry tropics of northern Australia was examined using analysis of 
faeces from live-trapped animals and stomach contents from road-kills. 
D. hallucatus was omnivorous, virtually always including insects in the diet 
but also consuming a wide range of vertebrates and fleshy fruits. 
Invertebrate consumption included at least 14 orders (particularly, in 
decreasing importance, Coleoptera, Orthoptera, Arachnida, Chilopoda, 
Hymenoptera, Lepidoptera and Isoptera), and peaked during the late-dry to 
wet season, between September and February. Fleshy fruits (at least 9 species, 
the most common being from a prostrate herb Ampellocissus acetosa) were 
most important in the late-wet to early dry season, accounting for 60% of the 
volume of scat samples in March-April 1993. This is the greatest 
consumption of fruit recorded for any dasyurid. Vertebrate consumption 
included at least 11 species of mammals, 8 species of birds, bird eggs, 5 
species of reptiles and 7 species of frogs, and peaked in July-August, the mid-
dry season. Frogs were found in 67% of stomachs during May-June. 
However, they were not recorded from scats, and were probably 
underestimated by faecal analysis due to complete digestion of recognisable 
parts during passage through the gut. Both sexes of D. hallucatus exhibited 
similar seasonal trends in consumption of the various dietary components. 
However, females (which are smaller) consumed a sll'1:aller proportion of 
vertebrates than did males in 1994. Juvenile quolls were present in the late 
dry I early wet when invertebrates were the most important dietary 
component. There was no difference detected between adult and juvenile 
diet. D. hallucatus appears to forage predominantly on the ground although 
some arboreal prey species were also taken. Prey was present in all habitats 
examined (open forest, woodland, rocky hills and riparian). D. hallucatus 
may be classed as a generalist predator with a broad dietary niche width. 
This dietary flexibility may partially explain the species' continued presence 
in some areas where other more specialised small mammals have become 
locally extinct. 
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Introduction 
The diet of-the members of the family Dasyuridae ranges from 
predominantly carnivorous (e.g. Tasmanian Devil, Sarcophilus harrisii) to 
mostly insectivorous (e.g. Common Planigale, Planigale maculata; Strahan 
1983). The overall importance of vertebrate relative to invertebrate prey for 
each species appears to increase with body size; with some additional 
seasonal fluctuations in some species (Soderquist and Serena 1994). 
The Northern Quoll, Dasyurus hallucatus, previously ranged across 
northern Australia from southern coastal Queensland to the Pilbara in 
Western Australia. Although recorded from a variety of habitats, it is most 
commonly found in open eucalypt forest and rocky plateaux (Schmitt et al. 
1989; Braithwaite and Begg 1995). The species has now become locally extinct 
from parts of its range, leaving several large but disjunct populations often 
centred on rocky areas. 
Previously published accounts of Northern Quoll diet are based on 
anecdotes or are from small samples. In the 1930s-40s, Thomson recorded 
Arnhem Land aboriginal peoples' observations that Northern Quolls ate 
ants, worms, grubs, beetles, insects, termites, grasshoppers, moths and 
honey (Dixon and Huxley 1985). They also stated that because quolls are 
insectivorous, they are attracted to flowering trees that have numerous 
insects on them. A Northern Quoll stomach examined at Mitchell Plateau, 
Western Australia contained invertebrates from the orders Tettigoniidae, 
Mantidae (egg cases), Gryllidae, Chilopoda, Coleoptera, Araneida and 
unrecognisable organic material (Kitchener et al. 1981). D. hallucatus has 
been observed killing and eating bandicoots in captivity (Burbidge and 
McKenzie 1978), Rattus tunneyi in traps (Dixon and Huxley 1985), frogs 
from sealed roads in the wet season (Tyler and Davies _1986; possibly Litoria 
pallida, M. Tyler, pers. comm.) and a sleeping blue-winged kookaburra from 
a tree (D. Curl, pers. comm.). It has also been suggested that D. hallucatus 
may consume reptiles and soft fruits including figs (Begg 1983) and that fruit 
eaten by D. hallucatus may be more common near creeklines (Braithwaite 
and Griffiths 1994). 
This study is the first quantitative examination of Northern Quoll 
diet using scat and stomach contents analysis. The primary aims were to 
determine; (1) where D. hallucatus lies in the carnivorous-insectivorous 
dietary spectrum of the family Dasyuridae; (2) whether the composition of 
the diet reflects seasonal variation in abundance of prey; (3) whether there 
were male/female differences in diet, since sexual dimorphism may allow 
males and females to exploit different sized prey (Fox 1982) and 
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D. hallucatus adult males weigh on average 760g compared to the females 
which weigh 460g (see Growth and Development chapter); (4) whether adult 
and juvenile diet differ and (5) whether some habitats contain less resources 
than others. This study was conducted in lowland savanna, the habitat 
where D. hallucatus appears to be most vulnerable to local extinction. The 
details of the dietary requirements of Northern Quolls may aid 
conservation efforts, particularly when the effects of fire regimes in this 
region on the various prey species become better understood. 
Methods 
Study site 
This study was conducted at Kapalga Research Station (12043'S, 
132025'E), approximately 200km east of Darwin in Kakadu National Park. 
The climate is strongly seasonal with distinct wet and dry seasons. Rainfall 
readings were collected daily at Naramu camp, Kapalga from a Bureau of 
Meteorology Raingauge. The annual average rainfall at Naramu was 
1200mm (Gill et al. 1996) with most falling between December and March. 
The temperature is constantly high with mean monthly maxima ranging 
between 31 oc (June) and 37oc (October; Jabiru, Bureau of Meteorology). The 
coolest period is the mid-dry season, June-August (mean monthly 
minimum 180C). 
The study site included open forest dominated by Eucalyptus 
tetrodonta and E. miniata, open woodland (E. tetrodonta, E. tectifica, 
Erythrophleum chlorostachys), open woodland on rocky quartzite hills 
(Eucalyptus setosa, E. bleeseri) and a freshwater creek (occasional Melaleuca 
viridiflora, Pandanus spiralis) which dried out in the late dry season each 
year. The predominant understorey were the annual grasses Sorghum spp. 
The site was part of a landscape scale fire experiment and was 
subjected to a 'progressive' fire regime. This regime, which consisted of 
three patchy dry season burns annually (June, July, September), aimed to 
simulate traditional aboriginal burning practices (Andersen et al. 1997). 
Trapping was carried out from November 1992-February 1995. The 
trapping grid covered 22.5 hectares in 1992-1993 and 35 hectares in 1994-1995. 
Trapping was for two consecutive nights every fortnight for the first period, 
and every month for the second period. Quolls were caught in wire-cage 
traps baited with balls of mince meat, peanut butter, rolled oats and 
vegetable oil, wrapped in cotton gauze (see Growth and Development 
chapter for details). 
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Scat collection 
Most scats were collected from traps to allow comparison- of male and 
female diet. Scats were individually assessed and discarded if they contained 
large amounts of gauze and peanut butter. A few scats were also collected 
opportunistically from outside dens and prominent places such as on top of 
rock piles or termite mounds. Juvenile scats, collected from October-
December, were either from 5-6 month old quolls in traps (in the process of 
weaning) or collected outside dens and classified on the basis of their small 
diameter. Adults were defined as individuals older than 6 months (weaned) 
for this analysis, as males can attain maximum body weight by 7 months of 
age (see Growth and Development chapter). Scats were stored in 70% 
alcohol until examination. 
Scat analysis 
To ensure independence of samples, a scat sample was defined as all 
the scats left by one individual quoll during one night in a trap. The 
number of scats in each sample was recorded. To determine whether the 
number of scats I sample influenced the number of taxa detected, a 
correlation was carried out using invertebrate orders since invertebrates 
were present in 98% of scats. There was no significant correlation between 
the number of scats/ sample and the number of invertebrate orders 
identified. 
Samples were sieved through 0.5mm gauze and the microscopic 
portion was discarded. The macroscopic portion was examined under a 
dissecting microscope. Components were assessed using two methods; 
volume and frequency of occurrence (presence/absence). A visual 
estimation of the percentage volume (to the nearest 5%) was made for 
mammals (hair), birds (feathers), reptiles (scales), general vertebrate (bone), 
fruits and seeds, other plant material and invertebrate exoskeletons. Any 
sand or gravel, which frequently adhere to the scat surface, and bait were 
disregarded from the volume estimations. For frequency of occurrence, 
identification was taken to species where possible. Mammals were identified 
using microscopic cross-sectional hair analysis and comparison to a 
reference collection of hairs (Brunner and Coman 1974). The downy barbs of 
bird feathers were dry mounted on glass slides, their microcharacters 
examined microscopically and compared to reference samples using a 
comparison microscope. Size and colour of feathers were also used to assist 
identification. Scale characteristics and/ or teeth were used to identify reptile 
remains. Bones were assigned to mammal, bird or reptile depending on 
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their structure and size. Fruits and seeds were identified to generic or 
specific level by comparison to reference samples. Small quantities of other 
plant material, probably accidentally ingested, were recorded as leaves, bark, 
twigs or grass. The presence/absence of the 8 most common (and 
distinguishable) arthropod orders was also recorded. Although a 
combination of anatomical remains were used to identify orders, the most 
commonly identified parts for each order were; elytra and legs (Coleoptera); 
legs and antennae (Orthoptera); tarsal claws and articulated spines 
(Araneae); tergal plates, maxillipeds, antennae and legs (Chilopoda); whole 
bodies and heads (Hymenoptera); heads and jaws (Isoptera), crotchets (larval 
Lepidoptera); and pedipalps (Scorpionidae). Worm chaetae were not 
detected (they may have been discarded in the microscopic portion). Due to 
difficulties in separation of orders, phasmids and mantids were assigned to 
Orthoptera, Blattodea to Coleoptera, all centipedes were grouped together, 
and all arachnids together. The presence of other distinguishable items (e.g. 
bird egg-shell, snail shell, various invertebrate egg-cases, mites, 
endoparasitic worms, flower stamens etc) was also recorded. 
The presence/ absence of the three main dietary components 
(vertebrates, invertebrates, plants) in male vs female scats, and adult vs 
juvenile scats was compared using contingency table analysis. The scat 
volume data were modelled for each of three components using non-· 
orthogonal analysis of variance with terms for bimonthly periods, year, sex, 
age and interactions. Fitted values were plotted against residuals to 
investigate whether transformation was necessary, however it did not 
appear that transformation would improve the homogeneity of variation. 
Since the Northern Brown Bandicoot (Isoodon macrourus) was the 
only other abundant medium-sized mammal at the site, scats were collected 
opportunistically from trapped adults to compare their dietary composition 
to that of D. hallucatus. Contingency table analyses of the presence/absence 
data were used to give some indication of the potential for dietary 
competition between these two species. 
Stomach content analysis 
Fresh road-killed quolls were collected from an 88km section of the 
Arnhem Highway between Jabiru (12040'S, 132054'E) and the Northern 
Entry Station (12048'5, 132008'E) of Kakadu National Park, the Northern 
Territory between February 1993 and May 1995 (see Reproduction and 
Demography chapter for details). Additional dead quolls were also collected 
opportunistically from Kapalga. The specimens were kept cool and stomach 
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contents removed to 70% alcohol as soon as possible after collection, usually 
within 6 hours. Prey identification for stomach content analysis followed 
the procedures for scat analysis. In addition, frog remains were identified by 
features of their skins (size, colour and pattern) and feet (webbing, discs, 
tubercles). 
Prey availability 
a) Pitfall Trapping; In order to assess the diversity, relative abundance, 
habitat preference and seasonal changes in the availability of small potential 
terrestrial prey species (invertebrates, reptiles and frogs), pitfall traps were 
established in three habitats; riparian, forest and rocky hill. Twenty pitfall 
traps were located in each habitat. In the creek and forest habitats they were 
placed in 4 x 5 grids with traps Sm apart. Due to the difficulties of placement 
in the rocky ground at the hill site, traps were dug in wherever possible in 
an area roughly approximating the size of the other two grids. Each trap was 
a cylindrical plastic bucket, 23cm deep and 19cm in diameter with drainage 
holes in the base. Traps were closed with lids when not in use. 
The pitfall traps were opened 2 consecutive days and nights/month 
from April 1993 to March 1994 (except in December 1993). Traps were 
checked in the morning (0700-0900 hours) and afternoon (1600-1800 hours) 
of each day. The total number of trap-nights was 1320. Sampling was 
occasionally adversely affected by environmental factors such as intense leaf 
fall after fire (September 1993) or during build-up season storms, and also 
the failure of the buckets to drain into the saturated soil after heavy rain in 
the wet season. Insect abundance during the wet season may also be under-
represented due to the more cohesive damp soil providing a less slippery 
surface around the edge of the traps. Pitfall samples under-represent . 
arboreal species, and these pitfall traps would not catch larger terrestrial 
species. Despite these limitations, pitfalls may still give an indication of the 
relative abundance of various small terrestrial taxa throughout the year, 
although interpretation requires some caution. 
b) Wire cage and Elliott trapping. Trapping with wire cage traps and Elliott 
traps, as described in the Growth and Development chapter, allowed 
assessment of the seasonal variation in abundance of small mammal prey. 
Other species of mammals, birds, reptiles and amphibians present in the 
area came from opportunistic observation, and Wanganeen (1995). 
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Fruit availability. 
After the most important fruit species for quolls had been identified, 
a survey was carried out to assess their abundance in woodland, forest and 
the rocky hills. The survey was carried out during a two week period in late 
April/ early May, before the annual herbs of interest senesced or were burnt. 
In each habitat a grid of 5 x 5 points was established, each point SOm apart. 
Within a lOm circle around each point, the number of plants of each 
important fruiting species was counted. The forest grid was 300m from a 
creek at the closest point. The strip of riparian habitat bordering the creeks 
was too narrow to survey with the same technique, but the occurrence of 
the fruiting species there was noted opportunistically. 
Results 
Scats and stomach contents 
Two hundred and fourteen scat samples from D. hallucatus were 
analysed, 92% from the main study site and the rest from similar habitat in 
Kapalga. The mean number of scats/ sample was 2.5 (± 1.9 s.d., n = 214). 
There were no significant differences between the number of scats/sample 
between the sexes, ages (adult/juvenile), years or bi-monthly periods. Scats 
were collected throughout the year for females, but could be collected only 
from January-September for males due to their post-mating die-off (Table 1). 
No adult males were caught after August on the main study site; the two 
scat samples collected from males in September were from 10 and 17km 
further north-west. The contents of thirty three stomachs were analysed, 
and because most road-killed D. hallucatus were males around the mating 
season, 70% of these stomachs were collected in March-June (Table 1). One 
road-killed adult male was collected in November from 27km east of 
Kapalga (near Mamukala outstation) and was the only adult male observed 
between October and December during the entire study. 
Because most of the stomachs were from males within a restricted 
time period, seasonal trends in diet, male/female comparisons and 
adult/juvenile comparisons were determined from scat analysis alone. For 
males between May-June, stomach analyses were compared to scat analyses 
to assess whether differential digestibility of components affected 
interpretation from the scat analysis. 
Composition of diet 
D. hallucatus was omnivorous, virtually always including insects in 
the diet, but also consuming a wide range of vertebrates and fleshy fruits. If 
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Table 1. Number of scat samples and stomachs collected during bi-monthly periods from 
adult (females, males and unknown sex) and juvenile D. hallucatus. The variation in male 
sample size reflects intra-annual patterns in abundance, with most males dying in June. 
Monitoring effort was consistent throughout the year. 
Jan- Mar- May- Jul- Sep- Nov- TOTAL 
Feb A£r Jun Aug: Oct Dec 
SCAT SAMPLES 
Adults; Females 11 17 19 22 20 28 117 
Males 5 16 29 4 2 0 56 
Unknown 1 0 1 0 0 0 2 
Juveniles 0 0 0 0 9 30 39 
TOTAL 17 33 49 26 31 58 214 
- - - - - - - - - - - - - - - - - -
STOMACHS 
Adults; Females 0 0 1 1 2 2 6 
Males 2 5 17 2 0 1 27 
TOTAL 2 5 18 3 2 3 33 
trace amounts ( <5% volume) of these three main components are taken 
into account, each component was present in nearly all scat samples (97-
100%). However, since trace amounts may be the result of accidental intake, 
they are excluded from the rest of the analyses. For both sexes combined 
(mean of bi-monthly means), invertebrates were present in 97% of scat 
samples, vertebrates in 49% and plant material in 41 %. The trends were 
similar using volume (mean of bi-monthly means), with invertebrates 
making up 68%, vertebrates 19% and plants 13% of scat volume. 
Juvenile scats were first observed in late October, deposited outside 
nursery dens. Comparison of adult (only females present, n = 40) to juvenile 
scat samples (n = 39) was from October-December. As juveniles at this age 
were not significantly sexually dimorphic and they were still associated with 
their mother (see Growth and Development chapter), all juvenile scat 
samples were lumped together for analysis regardless of sex. For frequency 
of occurrence and volume of each of the three main dietary components, 
there was no significant difference between juvenile and adult scat samples 
(Fig. 1). The predominant dietary component at this time of year was 
- invertebrates. 
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The composition of diet for males with adult body-weights can only 
be compared to females for the period with reasonable male sample sizes 
(i.e. March-June, Table 1). For each sex, the frequency of occurrence of each 
component in 1993 was compared to 1994 and no significant differences 
were detected. Thus the data for the two years for each sex could then be 
lumped together for each component for the male/female comparisons. 
Males were significantly more likely to have vertebrates in their scats than 
females (X2 = 9.1, d.f. = 1, P < 0.003; Fig. 2). The frequency of occurrence of 
invertebrates and plants were not significantly different in male and female 
scat samples. 
For percentage volume of dietary components in scats, there was a 
significant year by sex interaction (F1,6s = 4.7,P < 0.03) whereby females 
consumed less vertebrates than males in 1994 but not in 1993 (Fig. 3a). There 
were no significant differences detected between the sexes in the volume of 
invertebrates and plants consumed, thus the sexes are grouped together for 
these components for subsequent graphs (Fig. 3b, c) and analyses. 
Seasonal variation in diet 
Percentage volume was used to examine seasonal differences in 
major dietary components in scats. Frequency of occurrence was a poor 
discriminator of these trends as one of the three components (invertebrates) 
was present in almost all scats throughout the year though its percentage 
volume varied. 
Vertebrate consumption peaked in the mid-dry season in both 1993 
and 1994 (May-August, Fig. 3a; Fig. 4). In 1993, there w~s a peak in fleshy 
fruit consumption in the early dry season (March-April), accounting for 60% 
of the volume of scat samples (Fig. 3b ). Consumption of fruit was less 
dramatic and occurred later in 1994. Invertebrate consumption peaked 
during the late-dry to wet season, between September-February (Fig. 3c; Fig. 
4). 
Because there was evidence of differences between the sexes for 
vertebrate consumption, each sex was modelled separately for seasonal 
variation in vertebrate consumption. For males there was no difference 
between the years (hence the 1993 and 1994 are graphed together; Fig. 3a) and 
no year by bimonth interaction. There was significant seasonal variation 
(F1,s2 = 5.8, P < 0.001). Females also showed significant seasonal variation in 
vertebrate consumption and difference between the years with 
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Fig. 3. Mean percentage scat volume for each birnonth for D. hallucatus in 
1993 and 1994 for each of the three components; a) vertebrates, b) plants and 
c) invertebrates. Standard errors ranged from. 5-14 % for vertebrates (males) 
and 7-18 (fem.ales); 4-6 for plants (1993) and 4-8 (1994) except for 14 in Jan-Feb 
due to low sample size; 6-9 for 1993 invertebrates and 5-11 for 1994 
invertebrates, except for 20 in Jan-Feb. 
a) Females Invertebrate 
Plant Vertebrate 
b) Males Invertebrate 
Plant Vertebrate 
Fig. 4. Ternary diagrams representing the seasonal change in 
composition of diet of a) female and b) male D. hallucatus using 
mean monthly volumes of invertebrate, plant and vertebrate 
remains in scat samples. 
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consumption peaking in July-August in 1994 and May-June in 1993 (Fs,92 = 
6.8, P < 0.03; Fig. 3a). 
For percentage volume of plant consumed, as there was no 
significant differences between the sexes, the sexes were grouped together 
for analysis of seasonal variation. There was a significant year by bimonth 
interaction; in 1993 there was much greater fruit consumption, peaking 
dramatically in March-April whereas in 1994 fruit consumption was lower 
peaking from May to August (Fs,168 = 8.4, P < 0.001; Fig. 3b ). 
For percentage volume of invertebrates, the sexes were also grouped 
together since no differences had been detected in their consumption of this 
component. There was a significant year by bimonth interaction; in 1993 the 
trough in invertebrate consumption occurred from March to June whereas 
in 1994 it occurred in July-August (Fs,168 = 4.7, P < 0.001; Fig. 3c). 
Comparison of food consumption and availability 
a) Plants. Although traces ( <5% scat volume) of plant material (e.g. grass, 
bark and leaves) were present in all scats, most of the plant component was 
fleshy fruits from at least 9 species of plants (Table 2). Fruit was consumed in 
relation to its availability. The most commonly consumed fruits were from 
Ampellocissus spp. (Vitaceae, Table 2). Although the seeds of the two 
Ampellocissus species present in the area were too similar to be definitely 
identified to species, most fruits were probably A. acetosa rather than 
A. frutescens because; (1) A. acetosa was more common and (2) A. acetosa is 
a prostrate herb making its fruit more accessible than that of the erect 
A. frutescens. The lesser overall importance of fruit in 1994 was due to a 
lower consumption of A. acetosa. Perhaps less A. acetosa fruit was available 
in 1994 as rainfall in the six months prior to March of that year (1002mm) 
was considerably less than the period prior to March 1993 (1219mm). 
Six fruiting species consumed by D. hallucatus were surveyed for 
spatial availability: A. acetosa, A. frutescens, Livistona inermis, L. humilis, 
Cassytha filiformis and Tacca leontopetaloides. Of these, A. acetosa was the 
most abundant, occurring in all three habitats (forest, woodland and rocky 
hills) and in 75% of all plots sampled at the study site. Although the 
consumption of fruit appeared to correspond mainly with abundance of the 
species, there was some indication of preference. Ripe A. acetosa fruits were 
rarely observed on the plants suggesting that these fruits were consumed as 
soon as they were ripe (although other frugivores such as bandicoots are 
also likely to be involved; see section below on bandicoot diet). In contrast, 
T. leontopetaloides fruit and large numbers of Livistona sp. fruit persisted 
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Table 2. Seasonal variation in Dasyurus hallucatus plant consumption using frequency of 
occurrence in scat samples.*= Introduced species. Growth form; H =herb, Tw =twiner, S = 
shrub, T =tree. Part of plant consumed; Fw =whole fruit, Fp =part fruit, F? =unknown portion 
of fruit, S =stamens from flowers. Fruit size is maximum length from Brock (1988), and 
Wightman and Andrews (1989). 
Species Growth Part Fruit Frequency of occurrence (%) 
form size Bi-monthly periods Total 
(cm) JF MA MJ JA so ND Mean 
Ampellocissus acetosa H Fw 1 6 64 0 0 0 0 10 
Clerodendrum tatei H Fw 1 6 18 8 4 3 0 6 
Livistona spp. s Fw 1.5 0 0 22 4 0 0 6 
Cassytha filiformis Tw Fw 0.5 0 6 2 0 0 0 1 
Pandanus spiralis T Fp 8 0 0 0 8 0 0 1 
*Passiffora foetida Tw F? 4 0 0 6 0 0 0 1 
Tacca leontopetaloides H F? 3.5 0 0 2 0 0 0 0.5 
Eucalyptus spp. T s 0 6 14 23 0 2 7 
Number of scat samples 17 33 49 26 31 58 214 
on the plant for many weeks after becoming ripe. The Livistona seeds were 
unable to be assigned to L. humilis or L. inermis because their seeds were 
similar and both species were abundant and of similar height with 
overlapping fruiting periods. Three additional fruits identified from scats 
and stomachs were Buchanania obovata (November), Yitaceae sp. (May) 
and Cayratia or Plemna sp. 
For most of the fruits consumed by D. hallucatus, the whole fruit 
including the skin and seeds were ingested. Pandanus spiralis seeds 
however, are much too large to be ingested by a quoll; probably the woody 
fruits were cracked open and dropped by cockatoos or tree-rats allowing 
D. hallucatus access to the firm sweet flesh which could be chewed from 
between the fibres. 
In addition to fleshy fruits, 5% of the scat samples contained small 
(mostly< Smm) seeds that appeared to be from dry fruits with no flesh. Of 
these (n = 11), 8 were associated with feathers, mostly from Brown Quail 
(Coturnix australis) and doves suggesting that these seeds may have been 
present in the gut of prey. 
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Flower stamens were found in scats between April and August and 
also in November. Stomach samples allowed some stamens to be identified 
as Eucalyptus miniata (June), E. tetrodonta (August) and Grevillea 
pteridifolia (June). As these plant species produce their flowers on the 
terminal ends of thin branches, it is unlikely that quolls would feed on 
them in situ, presumably they would feed on fallen flowers, perhaps those 
that have been dropped by lorikeets or flying-foxes. 
b) Vertebrates. At least 11 species of mammal, 8 species of bird, 5 species of 
reptile and 7 species of frog (Table 3) were identified from scats and 
stomachs. Mammals occurred in 22% of all scat samples (at >5% volume), 
birds in 9%, reptiles in 31 % and frogs in 0%. However, frogs were found in 
67% of stomachs during May-June (see later section on comparison of 
stomachs to scats). Small volumes (< 5%) of quoll hairs were present in 
most scat samples, presumably from grooming. Although a few scats 
contained large volumes of quoll hair, there were no quoll skeletal remains 
to confirm cannibalism. Bird eggshells were found in 4% of scat samples, 
half of these were not associated with feathers so presumably eggs were 
taken from nests. Although seasonal variation for vertebrate classes 
(mammals, birds, reptiles) could be considered, the fragmented and 
differentially digested nature of remains precluded the confident estimation 
of seasonal variation for species. Table 3. gives the vertebrate taxa that were 
able to be identified, with an indication of relative size and a minimum 
estimate of occurrence of remains in scat samples. The insectivorous bat 
recorded was a juvenile. In addition to the species listed, Little Red Flying 
Fox (Pteropus scapulatus) and Varied Lorikeet (Psitteuteles versicolor) were 
identified from scat samples that contained <5% volume hair and feathers 
respectively. Also, a Rufous Night Heron (Nycticorax caledonicus) was 
found in a stomach sample. 
There was no apparent trend of male Northern Quolls consuming 
larger mammal species than females. The only mammal taxa recorded from 
juvenile scats were Rattus colletti and Rattus sp. Interestingly, R. colletti was 
recorded from two separate juvenile scat deposits on a hill on the same day 
and the previous day they had been recorded in a scat from the resident 
adult female of the hill. 
Of the mammals identified from scat samples excluding 
D. hallucatus, 62% of records were from terrestrial species, 21 % from 
arboreal species and 18% from species that use both the ground and trees. 
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Table 3. Percent occurrence of remains of vertebrate species in D. hallucatus scat samples 
(n = 214) that contained;;::: 5% volume of the relevant broad taxa (i.e. mammals, birds or 
reptiles). These values are likely to be minimum estimates of consumption as fragments were 
often too few, or too digested for confident identification. Mammal sizes were classified from 
weights from Strahan (1995); S=small (<400g), M=medium (400-5000g). Habit; T = 
terrestrial, A=arboreal, B=both terrestrial and arboreal. Bird lengths were from Simpson 
et al. (1984). 
Mammals 
Birds 
Dasyurus hallucatus 
Isoodon niacrourus 
Petaurus breviceps 
Trichosurus vulpecula 
Rattus colletti 
Rattus tunneyi 
Pseudoniys sp (nanus?) 
Antechinus bellus 
Rattus sp. 
Mesenibrioniys gouldii 
Sniinthopsis virginiae 
Chalinolobus cf niorio 
Rodent 
Eggshell 
Small passerine; Wren? 
Coturnix australis 
Pigeons/Doves 
Unidentified 
Aegotheles cristatus? 
N on-passerine 
Finch? 
Lichniera indistincta 
Reptiles 
Skinks 
Snakes 
Ag amids 
Varanids 
Geckoes 
Size 
M 
M 
s 
M 
s 
s 
s 
s 
s 
M 
s 
s 
Length(cm) 
12 
18 
25-30 
21-24 
Habit Percent occurrence 
B 
T 
A 
B 
T 
T 
T 
B 
T 
B 
T 
A 
- - - - - - - -
10 
5 
3 
2 
1.4 
1 
1 
1 
1 
1 
0.5 
0.5 
0.5 
5 
3 
2 
1 
1 
0.5 
0.5 
0.5 
12-16 0.5 
12 
9 
7 
6 
4 
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Stomach content samples allowed identification of frog species that 
had been consumed and also more precise identification of reptiles than was 
possible with scat samples (Table 4). 
For logistic reasons, not all vertebrate groups were able to be assessed 
for seasonal trends in abundance (e.g. arboreal mammals, varanids, birds). 
Hence comparison of seasonal availability and consumption was carried out 
only for subsets such as small mammals and reptiles. Vertebrate species 
present in the vicinity of the study site are listed in Appendix 3. 
Only two species of small mammals were trappe4 sufficiently often 
to suggest seasonal trends in their abundance; Isoodon macrourus and 
Antechinus bellus. Both species were most abundant between May-August 
(Fig. 5). I. macrourus in the wet-dry tropics are predominantly born during 
the wet season (Friend 1990), consequently in this population the peak 
density (May-June) was due to recruitment from the previous breeding 
season. For A. bellus, May-August coincides with the pre-mating and 
mating period (Friend 1985) when males are most mobile. The death of all 
male A. bellus in September corresponded with a dramatic decrease in 
mammal consumption by D. hallucatus. The seasonal variation in 
abundance of these two species coincides with the trend in consumption of 
small mammals by D. hallucatus (Fig. 5). Although A. bellus was recorded 
only twice in scat samples (both from teeth), the hair in both these samples 
was identified as D. hallucatus. It is possible that A. bellus was 
underestimated as a prey item due to the difficulty of detecting Antechinus 
hairs amongst the ubiquitous D. hallucatus hairs in scat samples (B. Triggs, 
pers. comm.). 
Other mammal species that were occasionally trapped are listed in 
Appendix 3. Many other mammal species were recorded in scats (Table 3) 
that were not trapped in this study, consequently no data are available on 
their seasonal availability at this site. 
Although temporal availability of birds was not monitored, the 
vertical spatial preference of bird species appears to affect their likelihood of 
being caught. The most common bird species identified from scats, the 
Brown Quail, is ground-dwelling and particularly vulnerable due to its 
sedentary habits and tendency to squat rather than fly when disturbed (Frith 
1976). Chewed Brown Quail feathers were also found in a nursery den in 
October 1994. Of the Columbiformes (pigeons/ doves) found in the area, 
Table 4. Vertebrate species identified from stomach contents, predominantly March-June. 
Lengths from Cogger (1992). 
Length (snout- Percent 
vent (cm) occurrence 
(%, n =34) 
Reptiles 
Unidentified agamids 6 
Diporiphora or Lophognathus 5-10 3 
Diporiphora or 
Chlamydosaurus Guvenile) 5-22 3 
Varanids 3 
Carlia munda 4 3 
Unidentified snake 3 
Frogs 
Limnodynastes ornatus 4.5 12 
Litoria pallida 3.5 12 
Uperoleia sp. (inundata?) 2.5 9 
Litoria caerulea 10 6 
Litoria tornieri 3.5 6 
Litoria rothii 5.5 3 
Cyclorana australis 10 3 
Unidentified frog 3 
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Peaceful and Bar-shouldered Doves often roost in low shrubs and Partridge 
Pigeons roost on the ground (J. Woinarski, pers. comm.). Other taxa 
recognised from scats (Brown Honeyeaters and Red-backed Fairy-wrens) also 
tend to nest close to the ground (A. Hertog, pers. comm.). Although the 
Rufous Night Heron is surprisingly large prey for a quoll, the specimen 
detected was a juvenile. This species hunts on the ground at night. 
Alternatively, as it was found in the stomach of a road-killed male quoll, it 
may have been carrion. 
Apart from the heron, all of the birds taken, were small to medium 
in size, the largest being a Bar-shouldered Dove. Most feathers were from 
the chest or body (with few bills or feet and only one part of a wing), 
suggesting that D. hallucatus focuses on the areas with most flesh when 
consuming prey. 
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Fig. 5. Seasonal variation in the abundance of the two most common 
species of small mammals at the study site; a) Antechinus bellus and 
b) Isoodon macrourus compared to c) the consumption of mammals 
by D. hallucatus (± s.e.1 n}. n represents the number of; a), b) nights 
that trapping was conducted and c) scat samples examined. 
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Eggshells were recorded in scat samples between February and August 
and were present in 5%. Of these, only three records were associated with 
feathers; two were Brown Quail (one with sheathed feathers) and one was a 
pigeon or dove. The sheathed feathers suggest that a nestling may also have 
been taken (although they could also be from a moulting individual). As 
Brown Quail nest on the ground (Frith 1976), their nests would be 
particularly vulnerable. 
Small reptiles were captured in pitfall traps on a total of 95 occasions 
revealing 16 species (Appendix 3). Of these, 76% of captures were skinks (11 
species), 18% were geckoes (1species),5% were agamids (3 species) and the 
remaining 1 % (1 species) were varanids. The peak in reptile abundance was 
in May-June, corresponding with the peak in reptile remains in 
D. hallucatus scats (Fig. 6). Skinks were the most commonly trapped and 
most commonly consumed reptile taxa (Table 3). 
Ground-dwelling frogs were captured most often in pitfall traps in 
the early to mid-dry season (May-June), and this bimonthly period was also 
when the highest proportion of frogs occurred in the stomachs of both sexes 
of D. hallucatus. It is likely that frogs were abundant earlier, in the wet 
season, but the water-inundated pitfall traps failed to retain them. Frogs 
were absent in stomachs in the late dry season (July to October). 
c) Invertebrates. Seasonal variation in invertebrate consumption was 
compared to invertebrate availability using the terrestrial species caught in 
the pitfall traps as an indicator of the latter. The lowest consumption of 
invertebrates occurred in May-August and this roughly corresponded with 
the trough in invertebrate abundance at this time (Fig. 7). The January-
February (wet season) figures for availability are likely_ to be underestimates 
due to the reduced effectiveness of the traps when they partially or totally 
filled with water due to lack of drainage into the saturated soils. 
Invertebrates from at least 14 orders were consumed. Consumption of two 
of the most commonly eaten orders, Coleoptera, and Chilopoda, broadly 
reflected their availability (Figs. 8, 9; Table 5). The pattern of spider 
availability and consumption did not appear to coincide, however there was 
great variability in these data leading to large standard errors. Egg cases from 
orthopterans were also found in scats but they were associated with adult 
orthopteran remains. Termite consumption was not correlated with the 
presence of reptiles or other vertebrate remains in scats so it appears that 
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Fig. 6. Seasonal variation in a) the abundance of small reptiles and b) 
the consumption of reptiles by D. hallucatus (± s.e., n). 
n represents the number of a) nights that pitfall trapping was 
conducted and b) scat samples examined. 
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Fig. 7. Seasonal variation in the a) abundance of terrestrial invertebrates 
from the orders known to be consumed by D. hallucatus and b) the 
consumption of invertebrates by D. hallucatus (± s.e., n). December was not 
sampled for abundance, so the December component of the November-
December bimonthly period is the average of the November and January 
values. I= probable underestimates due to heavy rain reducing the 
effectiveness of pitfall traps. n (b) = the number of scat samples examined. 
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Fig. 8. Seasonal variation in a) the abundance of beetles and b) the 
consumption of beetles by D. hallucatus (± s.e., n). n represents 
the number of a) 24 hour periods that pitfall trapping was conducted 
and b) scat samples examined. i =probable underestimates due to 
heavy rain reducing the effectiveness of pitfall traps. 
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Table 5. Seasonal variation in percentage frequency of occurrence of invertebrates in 
D. hallucatus scats. Total-number of scat samples was 214. 
Sample period 
No. scat samples 
Coleoptera 
Orthoptera 
Arachnida 
Chilopoda 
Hymenoptera 
Lepidoptera 
Isoptera 
Scorpionida 
Snail shell 
Eggcases 
Orthoptera 
Katydid/ Gryllidae 
Phasmatodea 
Jan.- Mar.- May- July- Sept.- Nov.-
Feb. April June Aug. Oct. Dec. 
17 
100 
88 
76 
76 
65 
24 
24 
6 
0 
47 
12 
12 
33 
91 
91 
45 
61 
52 
55 
27 
3 
6 
9 
45 
27 
49 
90 
88 
43 
41 
65 
49 
22 
2 
2 
2 
14 
14 
26 
65 
77 
69 
27 
46 
35 
23 
4 
4 
15 
4 
0 
31 
94 
68 
77 
68 
52 
23 
42 
13 
0 
48 
3 
6 
58 
98 
83 
74 
90 
28 
26 
38 
17 
0 
66 
2 
0 
Mean of 
bi-monthly 
eriods 
90 
82 
64 
60 
51 
35 
29 
7 
2 
31 
13 
10 
D. hallucatus is actively selecting termites rather than consuming them as 
secondary prey. Most of the termites were nasutes of the Tumulitermes and 
Drepanotermes genera. 
Insect prey that were identified to species included Queen green tree 
ants (Oecophylla smaragdina) and the carabid beetle Carenum 
sumptuosum. Occasional specimens of Hemiptera and Diptera were found. 
Odonata, Dermaptera, Scutigerida, Pseudoscorpionida and Polydesmida may 
have been present but identification was uncertain. 
Habitat preferences of prey 
Habitat preferences of prey were determined for the three most 
abundant mammal species, small reptiles, terrestrial invertebrates and the 
most commonly eaten plant species (Table 6). Although Clerodendrum tatei 
was also a commonly eaten species it was omitted from the survey as it is 
often inconspicuous and easily overlooked. 
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Table 6. Habitat preferences of prey eaten by D. hallucatus. For Livistona spp., only 
individuals mature enough to fruit were included. n for plants was the number of lOm radius 
plots. For mammals, reptiles, frogs and invertebrates, n =the number of captures.'-' indicates 
that this group was not surveyed in this habitat. 
Percentage recorded in each habitat 
Forest Rocky Woodland Creek n 
Species Hills 
Plants 
Ampellocissus acetosa 84 48 92 75 
Cassytha filiformis 0 4 0 75 
Livistona spp. 72 100 0 75 
Tacca leontopetaloides 0 0 36 75 
Mammals 
Antechinus bell us 49 51 74 
Isoodon macrourus 74 26 113 
Trichosurus vulpecula 40 60 32 
Reptiles 
Geckoes 18 76 6 17 
Skinks 20 17 63 71 
Agamids & Varanids 0 66 33 6 
Frogs 9 6 85 54 
Invertebrates 
Coleoptera 43 31 26 172 
Araneae 35 43 22 148 
Scolopendrida 47 31 23 75 
Other orders 20 67 12 178 
Food resources for D. hallucatus were present in all habitats, there 
was no compelling evidence that any habitat was more important than any 
other. 
In the forest, the following food items were most abundant; 
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A. acetosa, Livistona humilis, bandicoots (Isoodon macrourus), beetles and 
centipedes. Antechinus bellus was also trapped here as often as in -the rocky 
hills. 
In the rocky hills, Livistona inermis was common, A. acetosa was 
present and Cassytha filiformis was only found in this habitat. Brushtail 
possums (T. vulpecula), spiders and other invertebrate orders were 
most common here and A. bellus was trapped regularly. Most reptiles, other 
than skinks were most often caught here. 
In the woodland, A. acetosa and Tacca leontopetaloides were most 
common. A. acetosa appeared to thrive on bare patches of sandy soil where 
there was little competition. Although Livistona spp. were also present in 
the woodland, they were too immature to fruit ( <60cm tall). The lack of well 
developed shrubby middle-storey in all habitats was probably due to 
frequent fires (Braithwaite and Estbergs 1985; Bowman et al. 1988; Gill et al. 
1990). 
Near creeks, frogs and skinks were most common during the wet and 
early dry season but the abundance of both declined during the dry season as 
the creeks dried out. T. leontopetaloides was found near creeks occasionally. 
The habitat preferences determined for the plant species in this survey are 
in agreement with Brock's (1988) descriptions of habitats in which these 
species are most often found. Of the plant species eaten by quolls, only 
Pandanus spiralis, which formed a relatively insignificant portion of the 
diet, was a creek specialist. All other plant species with fruit consumed by 
quolls, were more prevalent in non-riparian habitats. 
Comparison of stomachs to scats 
Stomach contents were compared to scat contents for the only 
bimonthly period that reasonable numbers of stomachs (>5) were obtained, 
May-June. Only males were used for the comparison. Although all three of 
the main dietary components were detected in both stomachs and scats, 
surprisingly, plants were found less often in stomachs than scats (x2=13.3, 
d.f. = 1, P < 0.001; Fig. lOa). Scats appeared to underestimate the volume of 
vertebrates consumed (Fig. lOb ). This was primarily due to the absence of 
frogs in scats compared to 57% of the volume of the vertebrate component 
in stomach contents (Fig. 11). 
Frogs were able to be identified to species from D. hallucatus stomach 
contents because their skins were still intact. Frog bones completely 
dissolved in the stomach and skins were either completely digested or 
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Fig. 10. Dietary composition of scats and stomachs from adult males 
in May-June. a) Frequency of occurrence and b) volume of the 
three main components; invertebrates, vertebrates and plants. 
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Fig. 11. For the vertebrate component of stomach contents and scats of 
adult male D. hallucatus for May to June, the percentage volume of 
mammal, bird, reptile and frog remains. 
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Fig. 12. Dietary composition of scats of adult bandicoots and northern 
quolls between March-June. a) Frequency of occurrence and b) 
volume of the three main components. 
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rendered unrecognizable during the passage through the gut, resulting in a 
lack of detection of frogs in scats. 
Competition with Isoodon macrourus 
Eleven bandicoot scat samples were collected between March-June 
and compared with D. hallucatus scat samples during the same period (Fig. 
12). Bandicoot scats contained the same main three dietary components as 
D. hallucatus, invertebrates, plants and vertebrates. The frequency of 
occurrence of the former two was similar for quolls and bandicoots, 
suggesting the potential for considerable overlap of diet for these 
components. All the fruit identified from bandicoot scats came from the two 
plant species most commonly eaten by quolls, A. acetosa and Clerodendrum 
tatei. All the insect orders that quolls consumed, except for Chilopoda, were 
also utilised by bandicoots (Table 7). Only three of the orders were 
significantly different in occurrence in scats for quolls and bandicoots (Table 
7); quolls consumed more Orthoptera and Chilopoda than bandicoots, 
whereas bandicoots consumed more Isoptera. The other four invertebrate 
orders were present at similar frequencies in the scat samples of both 
mammals. Fungal spores were not detected in either quoll or bandicoot 
scats. 
Table 7. Frequency of occurrence of invertebrate dietary components in bandicoot scat samples 
between March-June compared to quoll scat samples for the same period.** denotes highly 
significant differences (P:::;; 0.01). NS= non-significant. 
Northern Quolls Bandicoots Significance 
(n=82) (n= 11) 
Coleoptera 90 91 x2 = 0. 005, P = 0.9, NS 
Orthoptera 89 9 x2 = 30.7, P = 0.0001 ** 
Hymenoptera 60 36 x2 = 2.1, P = 0.1, NS 
Lepidoptera 51 45 x2 = 0.1, P = 0.7, NS 
Chilopoda 49 0 x2 = 13.5, P = 0.0002** 
Arachnida 44 18 x2 = 2.9, P = 0.09, NS 
Isoptera 24 64 x2 = 6.s, P = 0.01 ** 
Bandicoots ate vertebrates significantly less often than quolls (X2 = 4.9, 
d.f. =l, P < 0.03) and the vertebrate portion in bandicoot scats appeared to be 
the result of infanticide rather than predation on other species. Of the two 
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bandicoot scat samples containing ~ 5% volume of hair, both were from 
- lactating females and both contained short bandicoot hairs. Although one 
only contained 5% hair, the other contained 40% hair and 40% bone. 
Discussion 
Scat analysis and stomach content analysis 
Scat analysis as a method of assessing diet has some limitations, most 
notably the difficulty in estimation of volume of intake and the inability to 
detect food items that are completely digested (Brunner et al. 1975; Blackhall 
1980). In this study, comparison of the contents of scats to stomachs for a two 
month period provided some indication of the effect of differential 
digestibility on the recognition of dietary components. Frogs were not 
detected in D. hallucatus scats in May-June yet they were found to be a 
relatively large component in stomach contents for the same time period. It 
could be argued that frogs were only found in stomachs because these quolls 
(all road-kills) were scavenging on the road and that they are not part of a 
'natural diet'. Although this possibility could not be discounted without 
collecting stomachs from quolls that reside away from roads, there was 
definite evidence that frogs would not be identified from scats because of 
their digestibility. Whilst the entire skins of several species of frogs were 
observed in the stomach contents, the associated bones had completely 
dissolved. Frog remains have been reported either absent (D. maculatus, 
Belcher 1995; D. geoffroii, Soderquist and Serena 1994) or rare 
(D. viverrinus, Godsell 1983) in the scats of the other three Dasyurus species, 
however it is possible that the dietary importance of frogs has been 
underestimated for all Dasyurus spp. 
Other taxa that may be rendered unrecognisable-during passage 
through the gut include the pulp of fruit and earthworms. Aboriginal 
people stated that D. hallucatus ate earthworms (Dixon and Huxley 1985) 
and worms were present at the study site, yet none were detected in the 
scats. Similarly, Blackhall (1980) did not find evidence of earthworms in 
D. viverrinus scats despite Green (1967) finding them in stomach contents. 
Despite these limitations, scat analysis provides an indication of the 
minimuin range of food items eaten and allows comparisons of 
interannual, seasonal, sex and age differences in consumption. 
Diversity of diet 
Northern Quolls consumed a great diversity of taxa from a broad size 
range. Invertebrates ranged from beetles, grasshoppers and termites to three 
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venomous orders, these being spiders, scorpions and centipedes (up to 10 
cm long). Ants were also present in scats but were probably mostly ingested 
accidentally with trapping bait. Fruit from at least nine species of plants 
were consumed including annual herbs, twiners and palms. Stamens from 
the flowers of three species were also detected, suggesting that nectar is 
consumed. Small quantities of grass were also found. Although grass 
consumption may be mostly accidentally ingested during the consumption 
of prey, there is some evidence that carnivores also consume small 
quantities purposefully, to fulfil Vitamin C requirements (Coman 1973) or 
for some other additional benefits. Vertebrates that were consumed ranged 
from 2.Scm long burrowing frogs (Uperoleia sp.), small skinks (e.g. Carlia 
munda) and small mammals such as the Dusky rat (Rattus colletti), to 
medium-sized mammals such as the Northern Brown bandicoot (Isoodon 
macrourus) and the Common Brushtail Possum (T. vulpecula). 
D. hallucatus has been observed to kill a mature female bandicoot which 
can be similar or larger in body size (Dixon and Huxley 1985). D. hallucatus 
has also been observed scavenging on the road-killed carcase of the much 
larger Agile Wallaby (G. Miles, pers. comm.). Two single occurrences of bats 
were also detected, a little Red Flying-fox (Pteropus scapulatus) and an 
insectivorous bat (cf. Chalinolobus morio). Birds recorded as prey items 
included the Brown Quail (Coturnix australis), Varied Lorikeet (Psitteuteles 
versicolor) and Rufous Night Heron (Nycticorax caledonicus), the latter 
may have been carrion. Bird eggs were also taken indicating that quolls are 
nest predators. Some prey taken may require active subduing (snakes) or 
tolerance of chemical defences (e.g. skin secretions of frogs such as Uperoleia 
sp. and Litoria caerulea). D. hallucatus has also been noted to raid garbage 
bins near human settlements or camp sites (R. Eager, pers. obs.; 
J. Blackwood, pers. comm.). 
Variation in the availability of food in different habitats 
Prey for D. hallucatus was present in all habitats examined; forest, 
rocky hills, woodland and riparian. In contrast to Braithwaite and Griffiths 
(1994), there was no evidence that creeklines were more important dietary 
sources than other habitats. Most fruit species eaten were found in the forest 
and woodland, rather than in riparian habitat. Although D. hallucatus 
drinks free water when available (Braithwaite and Griffiths 1994), at this site 
free water is not available for several months each year during the late dry 
season (M. Oakwood, pers. obs.). In D. viverrinus, even when free water was 
constantly available, it represented only 5% of the total water intake, the 
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remaining percentage being derived from food (Green and Eberhard 1979). It 
is likely that D. hallucatus is similar to D. viverrinus, and consumes very 
little drinking water, thus proximity to creeks or waterholes is unlikely to be 
a major factor in the selection of home ranges with sufficient resources to 
survive and sustain reproduction. 
There was no evidence that the tendency for remnant populations of 
D. hallucatus to be centred on rocky ranges is primarily related to differences 
in intrinsic dietary resources. However, the variable effects of land 
management practices in different habitats on prey availability were not 
considered in this study. 
Seasonal variation in diet 
D. hallucatus appears to be highly opportunistic in diet, its diet 
strongly reflecting the seasonal fluctuations in abundance of the various 
prey groups. The bulk intake of invertebrates by D. hallucatus coincided 
with their peak availability. This has also been observed for foxes (Coman 
1973). The peak in insect abundance caught in pitfall traps was during the 
wet season. Similarly, sweep-netting and light trapping in the wet-dry 
tropics also revealed that there was a significantly greater abundance of 
flying insects during the wet season than the dry season (Woinarski and 
Tidemann 1991; Griffiths 1994; Churchill 1994). The coincidence of 
abundance and consumption was also apparent within two of the most 
commonly eaten orders, Coleoptera and Chilopoda. The frequency of 
occurrence of termites in scat samples increased during the 'build-up' 
season, September to December. This coincided with the recorded behaviour 
of one of the two genera of termites identified (Drepanotermes), whose 
workers and soldiers forage in the open in trails durin_g humid weather 
(Andersen and Jacklyn 1993). 
Maximum fruit consumption correlated with the peak in fruiting in 
the early dry season of the low growing annual herbs, in particular the wild 
grape (A. acetosa). 
Vertebrate consumption peaked in the mid-late dry season, this 
correlated with the peak in availability of both reptiles and mammals. The 
mammal peak may be driven by the peak in recruitment of juvenile 
bandicoots into the trappable population and by the abundance of debilitated 
male Antechinus bellus following their mating season. Conversely, it may 
also be a result of the lower availability of fruit and invertebrates at this 
time. 
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Foraging behaviour 
D. hallucatus locate prey visually when light is adequate, otherwise 
detection occurs by audition and olfaction (Pellis et al. 1992). Hunting 
appears to be innate in D. hallucatus. Naive captive juveniles were 
observed to catch and eat grasshoppers introduced into their enclosure with 
no instruction from their mother (M. Oakwood, pers. obs.). This apparently 
innate hunting behaviour has also been observed in captive juvenile 
D. viverrinus (Godsell 1983). Young D. hallucatus begin foraging in the 
vicinity of their den by late October, at approximately 4 months old. At this 
time of year, invertebrates predominate in adult diet (females) and there 
was no detectable difference between that and juvenile diet. Scats from 
D. viverrinus adults and juveniles do not differ in the frequency of 
occurrence of major food categories (Godsell 1983). 
Foraging appears to occur predominantly on the ground with 65% of 
fleshy fruit occurrences in scats from herbs (Ampellocissus sp., C. tatei, 
T. leontopetaloides) and 62% of mammal occurrences from solely terrestrial 
mammals. These are minimum estimates of ground foraging as many of 
the fruits from the other species can either be reached from the ground or 
fall when ripe. Many of the other mammal prey species spend some time on 
the ground. The bird prey most commonly confidently identified to species 
was the ground-dwelling Brown Quail. Recognisable soil and litter fauna 
such as burrowing frogs, centipedes, scorpions and carabid beetles were also 
taken. Both genera of termites identified from scats forage in the open on 
the ground at night (Andersen and Jacklyn 1993; L. Miller, pers. comm.). 
D. hallucatus probably exhibits similar foraging behaviour to that of 
D. geoffroii, which has additionally been observed digging into the soil and 
searching through leaf litter (Soderquist and Serena 1994). The presence of 
Sugar Gliders, bats and a Varied Lorikeet in D. hallucatus faeces, suggests 
that arboreal hunting may also occur. The morphological adaptation of a 
striated hallux which is present only in D. hallucatus and D. maculatus 
within the Dasyurus genera is assumed to be an adaptation to their greater 
arboreal activity (Fleay 1962; see also Den chapter for details of arboreal 
denning). D. viverrinus and D. geoffroii are both recorded as only taking a 
limited amount of prey arboreally (Godsell 1983; Soderquist and Serena 
1994). 
Cannibalism 
Infanticide has been reported in captivity for D. hallucatus, involving 
females killing and eating both unrelated and related young (Fleay 1962; 
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Dixon and Huxley 1985). A wild adult has been observed eating the head of 
another adult within the confines of a human dwelling (I. Brown, pers. 
comm.). However, none of the dead D. hallucatus found in the wild 
(Reproduction and Demography chapter) showed any evidence of having 
been scavenged on by quolls. Also, despite quoll hair being present in nearly 
all scats, no quoll skeletal remains were recognised to confirm cannibalism. 
Most quoll hair is probably consumed during grooming. The presence of 
quoll hair in almost all quoll scats has also been recorded in D. viverrinus 
and was attributed to grooming (Godsell 1983), although it was noted that 
cannibalism also occurs in captivity for this species (Batey 1907). 
Comparison to other Dasyurus species 
D. hallucatus appears to be similar to its Australian congeners in 
being opportunistic and consuming a wide variety of taxa of variable size 
(Godsell 1983; Serena and Soderquist 1995; Belcher 1995). However, the 
relative importance of invertebrate to vertebrate prey for each species 
appears to be largely correlated with body size (Fig. 13). The smallest 
Australian quoll species, D. hallucatus (mean weight 600g, see Growth and 
Development Chapter) was predominantly insectivorous with invertebrates 
found in 98% of scat samples. The larger D. viverrinus (1090g) and 
D. geoffroii (llOOg) both had invertebrates in 84% of scats (Godsell 1983; 
Soderquist and Serena 1994; Godsell 1995; Serena and Soderquist 1995) and 
the largest quoll D. maculatus (5500g) had invertebrates in only 22% of scats 
(Belcher 1995; Edgar and Belcher 1995). Conversely D. maculatus had a 
higher frequency of vertebrates in scats (99%) than D. geoffroii (75%), and 
D. hallucatus (50%) but D. viverrinus had an unexpectedly low 26%. 
Variation between habitats or long-term fluctuations within habitats in the 
availability of dietary components is also likely to affect their relative 
importance. For example, small mammal abundance at Kapalga appears to 
be much lower at present than it was a decade ago (Braithwaite and Griffiths 
1994), so mammal consumption by D. hallucatus may also have declined. 
Very little is known of the diet of the two New Guinean species but 
D. albopunctatus is regarded by the indigenous people as a fierce predator 
which enters villages to catch rats and D. spartacus has been recorded 
raiding a fowl-house (Flannery 1995). 
One of the greatest contrasts between D. hallucatus and its congeners 
is the degree of fruit consumption. D. hallucatus consumes a greater 
diversity (and probably quantity) of native fruits than the other three 
Australian Dasyurus species. D. hallucatus ate fruits from at least eight 
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species of native plants whereas wild D. geoffroii have been recorded eating 
only one native species (a cycad, Macrozamia riedlei; Soderquist and Serena 
1994). Both D. geoffroii and D. viverrinus have been recorded eating the 
introduced blackberries, Rubus fruticosus (Soderquist and Serena 1994; 
Blackhall 1980; Godsell 1982). A dietary study of D. maculatus did not detect 
any plant material in scats (Belcher 1995). In contrast, 22% of D. hallucatus 
scat samples contained fleshy fruit. This is the greatest proportion of fleshy 
fruit consumed recorded for any dasyurid and raises questions about 
whether D. hallucatus might play a role in seed dispersal in the wet-dry 
tropics, particularly since the species travels longer distances than other 
mammalian fruit consumers such as bandicoots (e.g. see Lobert 1990 for 
home range of I. obesulus). Most of the fruits were consumed whole and the 
seeds of the most commonly eaten species, three herbs ( Ampellocissus 
acetosa, Clerodendrum tatei, Tacca leontopetaloides), one twiner (Cassytha 
filiformis) and one/two palms (Livistona sp.) appeared physically intact. 
However, chemical damage may also kill seeds during passage through the 
gut (French et al. 1992) so viability would need to be assessed before further 
speculation is warranted. 
Dietary niche 
D. hallucatus is a generalist predator with a broad dietary niche which 
consumes invertebrates, vertebrates and fruits in relation to their seasonal 
availability. This lack of feeding specialisation is consistent with a general 
lack of dietary specialisation amongst the Dasyuridae (Fox 1982). The strong 
sexual dimorphism in size appears to expand the niche width of the species, 
with females tending to take less vertebrates than males in some years. This 
larger niche width may reduce inter-sexual competition, enhancing the 
species ability to survive, particularly during periods of low food 
availability. 
However, the combined lack of specialisation and broad niche width 
increases inter-specific competition and may account for the small number 
of species of dasyurids at any one site (Fox 1982). The only other dasyurid 
species caught at the Kapalga study site was the smaller Antechinus bellus 
(maximum weight 66g, Calaby 1995). The diet of feral Cats (Jones and 
Coman 1981), Dingoes (Corbett 1995), Frillneck Lizards (Griffiths 1994), and 
various other species, is likely to partially overlap with D. hallucatus. The 
diet of Isoodon macrourus does overlap, yet the very broad diet of 
D. hallucatus probably ensures that adequate food intake is maintained 
throughout the year. In areas such as Kapalga where other small mammal 
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species with more specialised diets (e.g. Black-footed Tree Rat 
(Mesembriomys gouldii, Friend and Calaby 1995) have declined more 
dramatically (Braithwaite and Muller 1997), the dietary flexibility of quolls 
may contribute to their continued survival. 
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Den and habitat use of the Northern Quoll, Dasyurus hallucatus, in lowland 
savanna of northern Australia. 
Abstract 
The Northern Quoll, Dasyurus hallucatus, is a nocturnal carnivorous 
marsupial that rests during the day in dens. Thirty-two D. hallucatus were 
radio-tracked to 302 dens on 658 occasions within an 8km2 area in tropical 
savanna of Kakadu National Park, Northern Territory. Each individual 
used many dens. Seven females were found to use between 20-55 dens each 
(mean= 35). Both sexes of D. hallucatus generally shifted dens every night. 
There was no evidence that any den entrances were c_reated or enlarged by 
the quolls; existing holes were used. There appeared to be little preference 
for den types, with use reflecting availability. The majority of dens were 
situated in live tree hollows (32%), rock crevices (28%) and logs (21 %) but 
termite mounds (8%), dead tree hollows (7%) and burrows (3%) were also 
used. Although both sexes used all six den types, females used rock crevices 
significantly more often than males and males used logs more often than 
females. The smaller size of the females enabled them to utilise smaller 
circumference trees and logs than males. Females denned more often in 
rocky habitats whereas males denned more often in woodland. Both sexes 
denned solitarily. Simultaneous den sharing by adults was observed only 
once (two females, probably kin). Sequential den sharing by more than one 
adult was also rare, being recorded for only 34 dens. The use of a specific den 
by a second individual occurred on average 8 months ~fter the death of the 
first individual. The main function of dens for adult D. hallucatus appeared 
to be protection from predators, although some relief from direct solar 
radiation and protection from fire may also have been gained. Den shifting 
was likely to have been the result of denning wherever foraging finished 
each night, in an area where numerous dens were available. 
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Introduction 
The Northern Qtioll, Dasyurus hallucatus, is a solitary, nocturnal, 
carnivorous marsupial weighing up to 1120g. Males of some populations 
exhibit complete post-mating die-off (Dickman and Braithwaite 1992), a 
phenomenon which is shared with other dasyurids and didelphids 
(Cockburn 1997), but unique among mammals as large as the Northern 
Quoll. At the time of European settlement, D. hallucatus was distributed 
across northern Australia from the Pilbara of Western Australia to southern 
Queensland but has now contracted to several disjunct populations 
(Braithwaite and Griffiths 1994). It is found in many habitats (including 
woodland, monsoon rainforest, along beaches with good cover and around 
human settlements) but is particularly common in broken rocky country 
and open eucalypt forest within 150 kms of the coast (Calaby 1973; Begg 1981; 
Dixon and Huxley 1985; Friend and Taylor 1985; Schmitt et al. 1989; 
Menkhorst and Woinarski 1992; Woinarski et al. 1992; Braithwaite and 
Griffiths 1994; Braithwaite and Begg 1995). It is in the eucalypt open forest 
and woodland habitats where most of the decline appears to have occurred, 
leaving many of the remnant populations centred on rocky plateaux such as 
the Kimberley in Western Australia (Braithwaite and Griffiths 1994). 
Adult D. hallucatus forage at night and rest in dens during the day. 
Dens are also used during the night by 2-5 month old young who are left 
there by their mother whilst she forages (see Maternal Behaviour chapter). 
Previous accounts of den use by D .. hallucatus have been mostly anecdotal. 
In 1942, Thomson recorded D. hallucatus as being chiefly arboreal but also 
living in hollow logs and stone (Dixon and Huxley 1985). Hollow termite 
mounds were mentioned as dens of D. hallucatus by Braithwaite (1990) and 
Andersen and Jacklyn (1993). A small study of shelter selection after release 
from traps recorded D. hallucatus predominantly using holes in tree trunks 
and logs but also a termite mound and a hole in the ground (Braithwaite 
1989). 
Dens may have several functions for adult mammals including (1) 
protection from predators, (2) protection from environmental hazards such 
as fire, (3) protection and insulation from weather and extreme 
temperatures to assist the animal thermoregulate, and (4) a place where 
social contact can occur (Godsell 1983; Cockburn and Lazenby-Cohen 1992; 
Lindenmayer et al. 1996). As a consequence, they may also be used to rear 
young. The availability of suitable dens may play a vital role in a species 
survival in a given area, particularly in regions where extensive areas of 
ground cover are removed annually by fire, as occurs in much of northern 
Australia (Williams 1995). This is likely to be of greater importance to a 
species such as D. hallucatus which often forages and dens on the ground 
(see Diet chapter) compared to predominantly arboreal species. 
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This study aimed to determine the den and smaller scale habitat use 
of D. hallucatus in a lowland savanna, the broad habitat in which this 
species appears to be declining most dramatically. Since males and females 
are sexually dimorphic and have different behavioural strategies to increase 
reproductive success (see Spatial Organisation chapter), differences in 
habitat and den use might be expected, thus inter-sexual den preferences 
were examined. Once den and habitat preferences are ascertained, this may 
allow an assessment of whether changes in their availability or quality may 
be involved in the decline of D. hallucatus. 
Methods 
Study site 
This study was conducted at Kapalga Research Station (12043'S, 
132025'E), approximately 200km east of Darwin in Kakadu National Park 
between November 1992 and February 1995. The study site was part of a 
landscape-scale fire experiment conducted by CSIRO and was subjected to a 
'progressive' fire regime from 1990 to 1994 which attempted to simulate the 
burning pattern thought to have been used by the traditional indigenous 
people (Andersen et al. 1997). This involved progressively lighting fires in 
the early, middle and late dry season as the area dried o_ut, resulting in a 
mosaic of burnt patches of differing ages. 
The climate is monsoonal with distinct wet and dry seasons. The 
average annual rainfall at Naramu camp, Kapalga is about 1200mm (Gill 
et al. 1996) with most falling between December and March. June to 
September are the driest months. The temperature is constantly high, 
ranging from a mean monthly maximum of 31 to 37oc (Jabiru, Bureau of 
Meteorology). 
Habitat description 
The study site, centred on a trapping grid, comprised three main 
habitat types, all dominated by eucalypts: open forest (which will be 
henceforth referred to as 'forest'), woodland on rocky hills (referred to as 
'rocky hills') and woodland on relatively flat land with few rocks 
('woodland'). These were categorised initially by the dominant and 
characteristic tree species, tree canopy continuity and substrate and soil type 
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Table 1. Features used initially to categorise the D. hallucatus study site into three habitats; 
forest, rocky hills, woodland. Distinctive tree species refers to species that are either absent 
or much rarer in the other habitats. 
Dominant tree 
species 
Distinctive tree 
species 
Canopy 
Soils I Substrate 
Forest Rocky Hills Woodland 
Eucalyptus miniata E. tetrodonta E. tetrodonta 
E. tetrodonta E. bleeseri Erythrophleum 
chlorostachys 
E. miniata E. bleeseri E. tectifica 
E. setosa 
Partially continuous Discontinuous Discontinuous 
Sandy 
Greater organic/ 
clay content 
Rock 
Skeletal/ 
Sand/Gravel 
Well-drained 
Occasional rock 
Skeletal 
Sand/Gravel 
Well-drained 
(Table 1) in addition to a visual assessment of the comparative density, 
diameter and height of mature trees in each habitat. The lack of well 
developed shrubby middle-storey in all three habitats was probably due to 
frequent fires (Braithwaite and Estbergs 1985; Bowman et al. 1988; Gill et al. 
1990). Forest and woodland are the predominant habitat types of the 
lowlands of Kakadu, with rocky hills more sparsely scattered. No separate 
riparian habitat was described as the seasonal creek near the trapping grid 
was close to its source (30m altitude) and ran through forest dominated by 
the characteristic open forest tree species rather than any typically riparian 
species. The riparian zone, delineated by different grass species and the 
occasional riparian tree species such as Melaleuca viridiflora, was narrow 
being approximately lOm at the widest point. A complete list of plant species 
identified at the study site is given in Appendix 4. 
a) Forest. The forest site sloped gently south-east from the rocky hills in the 
north-west down to a creek line. The dominant large tree species were 
Eucalyptus miniata, E. tetrodonta, E. porrecta and Erythrophleum 
chlorostachys. The middle storey of smaller trees and shrubs was relatively 
sparse but included, in approximate decreasing height, Terminalia 
ferdinandiana, Xanthostemon paradoxus, Cochlospermum fraseri, 
Grevillea decurrens, Persoonia falcata, Livistona humilis, Petalostigma 
pubescens and occasionally Syzygium suborbiculare, Syzygium 
eucalyptoides ssp. bleeseri, Planchonia careya and Gardenia megasperma. 
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Acacia mimula was common as a shrub on the higher, drier areas. The 
dominant grasses were the annual Sorghum spp. which formed a dense 
understorey up to 3m tall in the wet season. There were also small discrete 
patches dominated by the grass Pseudopogonatherum contortum with 
occasional Heteropogon triticeus. Some of the more common small 
perennials included Coelospermum reticulatum, Petalostigma 
quadriloculare and Alphitonia excelsa. Immature Buchanania obovata, 
Erythrophleum chlorostachys, Xanthostemon paradoxus and Syzygium 
eucalyptoides ssp. bleeseri were also common. Many species of annual herbs 
were patchily abundant during the wet season. On the lower slopes near the 
creek, the soil became saturated during the wet season. Along some sections 
of the creek occasional Melaleuca viridiflora, Pandanus spiralis, Grevillea 
pteridifolia and Eucalyptus polycarpa occurred. E. confertiflora and 
Buchanania obovata were also scattered in this area. 
b) Rocky Hills. Although a dominant landscape feature, the rocky hills at 
the site had a maximum altitude of only 77m. The tallest hill gently sloped 
up the south-eastern side and dropped off steeply on the north-western side. 
The main ridge ran approximately north-east to south-west. The hill had 
many small boulder piles (quartzite), particularly on the steep side, in 
addition to many isolated rocks large enough to be used as quoll shelters on 
all slopes. The dominant tree species were Eucalyptus setosa, E. bleeseri and 
E. tetrodonta. Terminalia latipes and Erythrophleum chlorostachys were 
also reasonably common. Eucalyptus miniata occurred only on the lower 
slopes adjoining the forest. Owenia vernicosa was distributed in occasfonal 
small groves. The middle storey of shrubs and palms was sparse but 
included Livistona inermis, Cochlospermum fraseri, Grevillea decurrens, 
Acacia mimula, Croton arnhemicus, Gardenia megasperma, Brachychiton 
paradoxum, Terminalia ferdinandiana and the occasional Livistona 
humilis. The dominant grasses were again Sorghum spp. but its distribution 
was separated into dense patches by areas of rock. This mosaic of rock may 
have important implications for fire behaviour on these hills. For example, 
the only area (approx. 100 x SOm) that remained unburnt at the site by the 
end of the 1994 progressive fires was on the north-east side of the tallest hill, 
effectively protected by rock shelves and boulders. All other habitats, even 
creek beds had been burnt by October. The other main ground cover species 
were juvenile Xanthostemon paradoxus and Petalostigma quadriloculare. 
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c) Woodland. The woodland site possessed a gentle slope to the north-east, 
with well drained sandy soils and occasional patches of lateritic pebbles and 
embedded low rock. In the portion immediately adjacent to the rocky higher 
ground, the soil was densely covered with quartz pebbles and the highest 
proportion of Eucalyptus tectifica occurred, running in a band parallel to the 
ridge. Apart from Sorghum spp., Xanthostemon paradoxus 
seedlings/suckers and Petalostigma quadriloculare were the most common 
ground cover in this band. Further north-west, the tree species with 
circumferences greater than 50cm (potential quoll dens) were E. tetrodonta, 
E. porrecta, E. bleeseri, E. tectifica, Erythrophleum chlorostachys, 
Xanthostemon paradoxus and Terminalia latipes. Eucalyptus miniata was 
extremely rare. Other smaller circumference trees (rarely attaining 50cm) in 
this habitat included the common Terminalia ferdinandiana and the 
occasional Planchonella pohlmaniana. The woodland had the least dense 
middle storey of the three habitats. Scattered shrubs included 
Cochlospermum fraseri, Grevillea decurrens and Brachychiton paradoxum. 
There were also scattered saplings of the various tree species and occasional 
immature Livistona inermis and L. humilis palms. The dominant grasses 
were again Sorghum spp. Various annual herbs were patchily abundant 
such as Spermacoce exserta which occurred in dense thickets over small 
areas during the wet season. 
Trapping techniques 
The main trapping grid covered 22.5 ha from November 1992 to 
December 1993 (50 wire cage traps, 10 Elliotts) and 35 hectares from January 
1994 to February 1995 (48 wire cage traps). Each grid trap site was assessed as 
being in forest, rocky hills or woodland. No traps wen~ in the narrow 
riparian zone due to inundation during the wet season. Occasional 
additional trapping at occupied dens (located by radio-tracking) was also 
carried out. The traps were baited for 2 consecutive nights/fortnight during 
1992-1993 and 2 consecutive nights/month for 1994-1995 (further details of 
trapping procedures and marking are in the Growth and Development 
chapter). Qualls were weighed, measured, had their reproductive state 
assessed and the location of the trap site was noted. They were then released 
immediately at the site of capture. Shelters used after release from traps 
were not included as den sites as they were rarely observed to be re-used as 
dens at a later date. 
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Radio-tracking techniques 
Radio-collars with whip aerials (Sil-track, NZ) were fitted to 14 female 
and 20 male quolls; however two individuals (one male, one female) 
removed their collars before any data were collected. The collars were made 
of soft PVC, with dimensions 8mm wide by 2mm thick, and were secured by 
a nylon nut and bolt. The transmitters were encased in heat-shrink tubing, 
pulsed at 40 pulses/minute and battery life was 3.8 and 6.3 months for 10:18 
and 10:25 cells respectively. The 13-21g packages were matched to 
individuals to ensure that they weighed no more than 3-4% of their body 
weight. Since they were only fitted to animals weighing more than 400g, 
only males over 7 months old Ganuary) and females over 10 months old 
{April) could be tracked. The period of tracking was further shortened by the 
wet season. Radio-tracking was initially attempted in the wet season of 1992-
1993 but due to extremely humid, hot and wet conditions, the collars 
(despite being soft PVC) abraded on the constantly damp skin and caused 
localised infections. The collars were then removed and Lotagen antiseptic 
was applied to the abrasions which healed within a fortnight. Subsequently 
tracking could be conducted only during the drier months between March 
and early December. Considerably less data were gathered on males due to a 
combination of their greater intolerance of collars (chewed, stretched and 
removed), rapid weight fluctuations allowing them to more easily remove 
their collars, larger movements taking them out of range of the receiver and 
their complete die-off after the mating season each year (see Reproduction 
and Demography chapter). As a result, males could be radio-tracked only 
from March to July each year and few individual males could be followed 
for more than a couple of weeks. Early in the study, quolls fitted with collars 
were trapped at their dens a week after attachment to clleck fit and adjust if 
necessary. A captive adult quoll was also observed for any adverse reactions 
to wearing a collar. Once the correct tightness for collars on D. hallucatus 
was ascertained, collars were subsequently checked during regular grid 
trapping; if individuals were not recaptured on the grid, additional trapping 
at known occupied dens was then carried out to allow checking. 
Radio-tagged animals were located during the day in their dens using 
a Telonics TR2 receiver and a hand-held 2-element antenna. Tracking on 
foot allowed accurate pinpointing of den sites. Discovery and measurement 
of a den did not displace occupants who were well-concealed, although 
occasionally an exposed individual in a den offering minimal cover would 
flee. Since not all individuals were tracked to their dens on every day that 
radio-tracking was carried out, at the beginning of each session I scanned the 
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radio-frequencies of all quolls in order to determine if any were likely to be 
den sharing. The tallest hill in the site, 77m, was a useful vantage point for 
initial survey of relative locations. In addition, when locating a particular 
frequency, a background pulse was evident if in close vicinity of another 
quoll. As with Dasyurus geoffroii (Serena and Soderquist 1989) females were 
nearly always located and took far less time to locate than males. Males 
often moved out of range and were hence unable to be located on every 
occasion. Although most dens located were near the trapping grid, they 
were also located in decreasing numbers away from the grid throughout an 
area of approximately 800 hectares. As the location of each individual was 
recorded only once daily, observations can be considered independent. 
Radio-tracking was conducted on a total of 356 days. During the dry season 
months, radio-tracking occurred on 345 days giving a mean of 18.2 
days/month (± 6.4 s.d., n = 19; November 1992, March-November 1993 and 
March-November 1994). A mean of 2.0 (± 1.2 s.d.) individuals were 
tracked/day, the maximum being 7 during the mating season. During the 
wet season (December to February), radio-tracking was carried out on only 
11 days, because of the health problems described above. 
Habitat use was determined from a combination of den locations and 
trap positions. Nocturnal radio-telemetric fixes were not obtained. Tracking 
on foot when the animals were· active caused them to flee, often for 
considerable distances. Roads and tracks were too widely spaced to allow 
triangulation from vehicles. Triangulation from fixed bases was trialled and 
considered impracticable and inaccurate on this study site. The hilly terrain 
masked many signals and limited the number of quolls that could be 
monitored from any set positions, particularly since female ranges tended to 
be centred on the tallest hills. Reliable assistants availa):>le for prolonged 
periods were difficult to obtain at a remote location. Previous studies have 
found that using a succession of volunteers for fixed base tracking can 
render the data useless due to a combination of personal variation and 
inexperience (A. Claridge, pers. comm.). Other factors such as frequent fires 
during the dry season and electrical storms during the build-up and wet 
season, which would have required the removal of towers, made this 
approach impracticable. 
Den description 
Locations of dens were recorded using a field compass and measuring 
to either grid points or to landmarks which were later located on a map 
(Department of Defence field map; Kapalga 5372 1, 1: 50 000). More distant 
locations were pinpointed using an Ensign Global Positioning System. 
Each den was described and permanently marked with a metal tag. 
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Small trees were revisited to affix tags after the individual had left so as not 
to unduly cause stress from the vibrations caused by hammering. For all 
dens other than trees, tags were affixed to the nearest mature tree. Dens 
were not damaged during examination, the interiors were only observed if 
they were visible from the entrance with a torch. The presence/ absence of 
scats at the den entrance was recorded. 
Each tree used as a den was identified to species and the height of the 
tree and hollows was measured using a Suunto Optical Height Meter. The 
circumference at breast height was measured and the lean of the trunk 
recorded. The number of entrances (holes in trunk, hollows in branches or 
fissures) and their approximate diameters were recorded. Fissures were 
defined as a narrow crack in the tree trunk >4cm wide and >8cm long. As 
the actual den entrance could not always be ascertained, all potential 
entrances >5cm were described. Diameter of entrances was described by the 
length of the shortest side and the length of the longest side (since many 
were not circular). For log dens, the length, circumference at the widest 
point (they had often been burnt so they could not be measured at a constant 
distance from the base), circumference at the quoll resting site, the number 
of entrances and their dimensions were recorded. Rock dens were classified 
as either single rocks or boulder piles. The number of entrances and their 
dimensions was measured if it was clear where the entrances were. The 
dimensions of single rocks were also measured. For den description of 
termite mounds, circumference at breast height is not feasible due to short 
stature of many mounds. Due to the varying shapes of mounds, 
circumference above the ground does not necessarily give an accurate 
representation of the area available for den chambers. Thus, the basal 
circumference of termite mound dens was measured. Height of the mound, 
number of holes and their height and diameters were also recorded. 
Burrows were defined as holes within soil that had been excavated by a 
vertebrate. The dimensions of their longest and shortest sides was 
measured. Quolls were only recorded as visible in their dens if they could be 
seen in daylight, without the aid of a torch. 
Den availability survey 
To assess the availability of den sites in trees, the point-centred 
quarter method (Mueller-Dombois and Ellenberg 1974) was used in each of 
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the three different habitats. One grid in each habitat was used with 5 lines of 
5 sampling points each 50m apart. This distance was chosen to ensure that 
no specific tree was sampled from more than one point. The strips with 
distinctive riparian vegetation were too narrow to compare to the 200m x 
200m grids used to survey the other three habitats. From each sampling 
point, 4 quarters delineated by north, south, east and west were used. 
Within each quarter, the distance to the midpoint of the tree closest to the 
sampling point was measured. Trees were included only if they had a 
circumference at breast height greater than 50 cm since 56cm was the 
minimum observed circumference for a D. hallucatus den tree. The tree 
species (if living), height, circumference at breast height, lean of trunk and 
the number of entrances >5cm diameter was also recorded. Density of each 
species per hectare was then derived, dead trees being treated as a single 
species. 
Using the same sampling points in the three habitats above, a survey 
for potential termite mounds and log dens was conducted in April-May 
1995, seven-eight months after the last fire. Within a 10m radius from each 
sampling point, the number of termite mounds made by Coptotermes 
aciniformis (the type used by D. hallucatus) greater than 50cm high and 
details of their J;;v~s were recorded. The number of potential log dens was 
also recorded. ( ro+~~+i-a l'J ScJM'>~le. dt" C.av1"t;e5) 
Potential burrow and rock dens were unable to be accurately 
surveyed for availability. Burrows are often inconspicuous due to ground 
cover. When confronted by connected piles of rocks on hill slopes with 
numerous crevices, it is difficult to ascertain how many suitable den sites 
exist. 
Habitat preference 
All dens were classified as being within one of four habitats; forest, 
rocky hills, woodland and creek. Detailed descriptions of the former three 
habitats are given above. For habitat classification of den locations, 'creek' 
included all dens within lOOm of the nearest creek (seasonally flowing), 
even if the vegetation was not distinctively riparian. The vegetation 
surrounding the creek adjacent to the trapping grid was E. miniata/ 
E. tetrodonta dominated forest. Another creek, approximately 450m NE of 
the trapping grid at the closest point, passed mostly through woodland with 
some stretches demarcated by an increase in Pandanus spiralis, and 
Melaleuca viridiflora. This latter creek passed through one of the trapping 
grids used by Braithwaite and Griffiths (1994). 
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The area of each of the four habitats available in the 63 hectare centre of 
the study site (grid and surrounding lOOm) was determined by overlaying a 
grid of hectare squares on a map and estimating the proportion of each 
square occupied by each habitat and tallying the figures. This was then 
compared to the density of known dens used by each sex in each habitat for 
the same area. 
Results 
Den locations _. . 
,..aouo -
A total of 658 de?'\: locations were obtained to 302 dens. Nineteen male 
D. hallucatus were radio-tracked to 72 dens on 84 occasions and 13 females 
were radio-tracked to 237 dens on 57 4 occasions (7 dens were used by both 
sexes). The locations of the 162 dens within the study grid and lOOm 
surrounds are shown in Fig. 1. The other 140 dens were spread throughout 
the surrounding 750 hectares; this extended area was also subject to the 
same fire regime. For comparisons of male/ female den and habitat use, only 
the period March-July was considered, since few data were collected in the 
wet season prior to this, and males were absent by August. During this 
period, 81 and 250 den locations were obtained to 69 and 152 dens for male 
and female D. hallucatus respectively. 
Den use 
Overall, of the 302 dens located, there were 98 in hollows in live trees, 
84 in rock crevices, 64 in logs, 25 in termite mounds, 21 in dead trees and 10 
in burrows. During March-July, males and females differed significantly in 
their frequency of use of different den types (X2 = 19.9, d.f. = 5, P < 0.001). 
Although both sexes used live tree hollows most often_, females used rock 
crevices more often than males whereas males used logs more often than 
females (Fig. 2). The relative use of all six different den types could not be 
compared with their availability due to the difficulties of assessment, 
particularly for rock dens and burrows (see Methods). The mean attributes 
of each den type are given in Table 2. The narrowest diameter den entrances 
used by healthy adult male and female D. hallucatus were 9cm and 5cm 
respectively, although a dying male managed to squeeze itself through a 
4. lcm wide crack in a log. 
Live tree dens 
Northern Quolls denned in nine tree species from three genera, 
seven being eucalypts (Table 3). Of the 98 individual live trees used as dens, 
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Fig. 1. Den locations within the trapping grid (35 hectares) and immediate surrounds (total area 63 hectares) at Kapalga. 
The total number of dens represented is 162; the black circles were dens used by females and the unfilled squares were 
dens used by males. Only two dens were used by a male and a female within this 63ha area and these are indicated by a 
circle within a square. The cluster of dens (mostly rocky crevices) at the west of the hill were near the peak and 
coincided with the greatest density of boulder piles at the site. The other 140 dens were located outside this area. 
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Fig. 2. Percentage of occasions each den type was used by male (81 
locations) and female (250 locations) D. hallucatus between March-
July. Dens were re-used, particularly by females, thus the total 
number of individual dens was less (n = 214). 
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Table 2. Mean of attributes of all den types recorded for D. hallucatus. Entrance dimensions 
given are from single entrance dens only. Entrance dimensions were not recorded for trees due to 
the difficulty of determining from the ground which entrance was used where there are 
multiple entrances combined with inaccessibility for measurement. Attributes of boulder piles 
were not recorded. All values were not obtained for all dens largely due to environmental 
factors; fieldwork being rapidly curtailed due to imminent electrical storms or sunset (little 
twilight in the tropics) followed by occasional difficulties in relocation in grass up to 3m 
high or destruction by fire before re-visitation. 
Den type 
Live trees 
Dead trees 
Logs 
Single rocks 
Termite 
mounds 
Burrows 
Attribute 
Height (m) 
Circumference (m) 
Height lowest entrance (m) 
Number of entrances (>5cm diameter) 
Lean (0 from horizontal) 
Height (m) 
Circumference (m) 
Height lowest entrance (m) 
Number of entrances (>5cm diameter) 
Lean (O from horizontal) 
Total length (m) 
Internal hollow length (m) 
Circumference at widest point (m) 
Circumference at quoll (m) 
Number of entrances (>5cm diameter) 
Diameter of entrances-longest side (cm) 
-shortest side (cm) 
Min. distance of quoll from entrance (m) 
Height (m) 
Width (m) 
Length (m) 
Entrances-longest side (cm) 
- shortest side (cm) 
Height (m) 
Basal circumference (m) 
Number of entrances 
Diameter of entrances-longest side (cm) 
-shortest side (cm) 
Diameter of entrances-longest side (cm) 
-shortest side (cm) 
Mean±s.d. 
13.0 ± 4.1, n = 97 
1.2 ± 0.4, n = 97 
4.1±2.5,n=98 
2.1±1.2, n = 98 
72·1 ± 14.6, n = 98 
8.2 ±4.1, n = 20 
1.1±0.3,n=21 
2.4 ± 2.4, n = 21 
1.8 ± 1.4, n = 21 
67.6 ± 21.9, n = 21 
9.0 ±4.6, n = 61 
5.6 ± 3.0, n = 55 
0.9 ± 0.3, n = 55 
0.8 ± 0.2, n = 52 
l.0± 1.0, n = 61 
21.3 ± 25.1, n = 21 
11.4 ± 7.0, n = 21 
2.4 ± 1.7, n = 47 
0.5 ± 0.3, n = 19 
1.0 ± 0.8, n = 19 
0.7±0.3, n = 18 
13.6 ± 5.9, n = 15 
7.5±2.5, n = 15 
1.1±0.3,n=25 
4.8±1.7, n =24 
1.5 ± 0.8, n = 25 
15.4 ± 7.3, n = 15 
9.3±4.1,n=15 
14.5±7,n =9 
8.3 ± 2.2, n = 9 
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Table 3. Tree species used by D. hallucatus for dens (all habitats). Total number of live den 
trees located was 98, these were used on 252 occasions. Entrances included holes, hollows and 
fissures. 
Den Tree Species % of total %of Mean Mean Mean Mean 
live tree use Height Circum- number height 
dens ference of lowest 
(m) (m) entrances entrance 
(m) 
Eucalyptus tetrodonta 36.7 28 14.4 1.3 2.3 4.4 
Eucalyptus miniata 18.4 18 15.3 1.4 2.0 5.1 
Eucalyptus porrecta 17.3 25 10.3 1.0 1.8 3.5 
Eucalyptus tectifica 12.2 19 12.2 1.0 2.3 3.6 
Eucalyptus setosa 5.1 5.5 7.0 0.7 2.2 1.9 
Erythrophleum chlorostachys 4.1 2.0 13.3 1.6 1.7 2.7 
Eucalyptus sp. 3.1 1.0 8.6 1.3 1.3 3.2 
Eucalyptus polycarpa 1.0 0.8 16.S 1.7 2.0 7.7 
Eucalyptus bleeseri 1.0 0.4 5.5 1.1 1.0 7.7 
Xanthostemon paradoxus 1.0 0.4 10 1.0 2.0 2.5 
most were from four species; Eucalyptus tetrodonta, E. miniata, E. porrecta 
and E. tectifica. When all occasions that live trees were used as dens (252) are 
considered, these same four species were also the most frequently used. 
For dens in live trees during March-July, males used E. tetrodonta 
significantly more often than females whereas females used the smaller 
species E. tectifica more often (X2 = 17.7, d.f. = 9, P = 0.04~ Fig. 3). 
The only significant difference in male/female use of live den tree 
attributes was the tendency for females to use smaller circumference trees 
than males (Table 4). However, within species the differences detected in the 
circumference used by males and females were not significant. This may 
reflect the above-mentioned tendency for females to use smaller tree species 
rather than selecting smaller individuals of any particular tree species. The 
minimum circumference recorded for a den tree was 0.56m, an E. tetrodonta 
used by a female. 
To determine whether Northern Quolls were selective in their choice 
of den tree attributes, comparisons were made between attributes of den 
trees and those generally available. These comparisons were conducted 
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Fig. 3. The percentage of den use of tree species by each sex of 
D. hallucatus between March-July (female n = 101 locations, 
male= 34). 
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Table 4. Comparison of attributes of dens used by male and female D. hallucatus during the 
period March-July. Eucalyptus tetrodonta and E. miniata were the den tree species with the 
greatest male sample sizes allowing within species comparisons. The male sample sizes for 
dimensions of rock (n = 2), termite mound (n = 3) and burrow dens (n = 3) were insufficient to 
allow meaningful comparison so these have been omitted. ** denotes highly significant 
differences (P <0.01). *denotes differences with a significance level of 0.01 < P < 0.05. 
NS = non-significant. 
Den type Dimension Females Males Significance 
Mean±s.e. Mean±s.e. 
Live trees 
Height (m) 13.0 ±0.6 12.2 ±0.8 t = 0.9, P = 0.4, NS 
Circumference (m) 1.1±0.0 1.3±0.1 t = 2.3, p = 0.02* 
Height lowest entrance (m) 4.5 ± 0.4 4.1±0.5 t = 0.7, P = 0.5, NS 
Number of entrances 2.2±0.2 2.1±0.2 t = 0.09, P = 0.9, NS 
Lean (0 from horizontal 73.3± 2.0 67.8±2.8 t = 1.6, P = 0.1, NS 
[ alln = 51] [alln=27] 
Eucalyptus tetrodonta 
Height (m) 14.3±1.0 13.3 ± 1.3, n = 10 t = 0.6, P = 0.5, NS 
Circumference (m) 1.2 ± 0.1 1.3 ± 0.1, n = 10 t = 0.6, P = 0.5, NS 
Height lowest entrance (m) 5.0±0.6 4.5 ± 0.8, n = 11 t = 0.5, P = 0.6, NS 
Number of entrances 2.5 ± 0.4 2.9 ± 0.5, n = 11 t = 0.6, P = 0.5, NS 
Lean (0 from horizontal) 70.3 ± 3.4 73.6 ± 4.3, n = 11 t = 0.6, P = 0.5, NS 
[all n= 18] 
Eucalyptus miniata 
Height (m) 15.3±0.9 14.5±1.2 t = 0.5, P = 0.6, NS 
Circumference (m) 1.2 ± 0.1 1.5 ± 0.1 t = 1.9, P = 0.1, NS 
Height lowest entrance (m) 5.8 ±0.9 5.7± 1.1 t = 0.1, P = 0.9, NS 
Number of entrances 2.3 ±0.3 1.7 ± 0.4 t = 1.1, P = 0.3, NS 
Lean (0 from horizontal) 74.5 ±4.0 69.2 ± 5.2 t = 0.8, P = 0.4, NS 
[all n = 10] [ alln =6] 
Dead trees 
Height (m) 7.6±1.1 9.3±1.9, n = 5 t = 0.7, P = 0.5, NS 
Circumference (m) 1.0 ±0.1 1.3 ± 0.1, n = 6 t = 1.5, P = 0.1, NS 
Height lowest entrance (m) 2.6 ±0.6 1.9 ± 1.0, n = 6 t = 0.6, P = 0.6, NS 
Number of entrances 1.6 ± 0.4 2.3 ± 0.6, n = 6 t = 1.0, P = 0.3, NS 
Lean (0 from horizontal) 69.3 ± 6.4 63.3 ± 9.8, n = 6 t = 0.5, P = 0.6, NS 
[alln=14] 
Logs 
Total length (m) 9.l±0.9,n=31 9.1±1.0,n= 22 t = 0.02, P = 1.0, NS 
Internal hollow length 6.0 ± 0.6, n = 29 5.6 ± 0.8, n = 19 t = 0.4, P = 0.7, NS 
Circumference at widest pt 0.8 ± 0.0, n = 30 l.0±0.l,n=l9 t = 2.2, p = 0.03* 
Circumference at quoll 0.7 ±0.0, n = 25 0.9±0.0, n = 20 t = 2.9, p = 0.006** 
Number of entrances 2.1 ±0.2, n =32 1.9 ± 0.2, n = 22 t = 0.4, P = 0.7, NS 
Min. dist. quoll from ent. 2.4 ± 0.3, n = 24 2.0 ± 0.4, n = 17 t = 0.8, P = 0.4, NS 
Table 5. For each of the three tree species most commonly used as dens in the forest habitat by D. hallucatus, comparison between the attributes of the 
actual den trees and 1) all trees of the same species surveyed in the forest habitat and 2) trees with hollows of the same species in the forest habitat. 
E. porrecta was omitted from the second comparison due to a low sample size, only one tree was detected with hollows during the survey. * * denotes 
highly significant differences (P < 0.01). *denotes differences with a significance level of 0.01 < P < 0.05. NS= non-significant. 
Mean (dens) Mean (species Significance Mean (trees Significance 
average) with hollows) 
E. tetrodonta Circum. (m) 1.3 ± 0.1 1.0±0.1 t = 3.0, p = 0.005 ** 1.4 ± 0.1 t = 0.5, P = 0.6, NS 
Height (m) 16±0.8 16±0.6 t = 0.2, P = 0.8, NS 15±1.6 t = 0.1, P = 0.9, NS 
Lean (0 ) 70±3.1 81 ±2.7 t = 2.5, p = 0.02* 72±5.8 t = 0.2, P = 0.8, NS 
[all n = 19] [all n =24] [ alln =5] 
E. miniata Circum. (m) 1.3 ± 0.1 0.9±0.0 t = 4.8, p = 0.0001 ** 1.3 ± 0.1 t = 0.4, P = 0.7, NS 
Height (m) 16±0.6 14±0.4 t = 2.7, p = 0.01* 16±0.8 t = 0.3, P = 0.7, NS 
Lean (0 ) 75±2.9 84± 1.8 t = 2.8, p = 0.008** 81 ±4.3 t = 1.2, P = 0.2, NS 
[all n = 13] [all n = 34] [all n = 6] 
E. porrecta Circum. (m) 1.1±0.1 0.9 ± 0.1 t = 2.4, p = 0.03* 
Height (m) 12±1.0 12±0.7 t = 0.1, P = 0.93, NS 
Lean (0 ) 75±4.2 80±3.2 t = 0.9, P = 0.36, NS 
[all n = 7] [all n = 12] 
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within each of the three tree species with the largest sample size of dens in a 
specific habitat (forest; Table 5). 
Within each of the three species, den trees had a significantly larger 
circumference than the average in the forest. This is probably a reflection of 
trees with a larger circumference being older and thus more likely to 
contain hollows suitable for D. hallucatus. Den trees were taller than the 
average only for E. miniata. E. tetrodonta and E. miniata den trees also had a 
significantly greater lean than the average in the forest for each species. In 
order to test whether D. hallucatus was actively choosing specific attributes 
for den trees, circumference, height and lean of den trees were compared to 
trees of the same species with hollows identified during the survey. There 
were no significant differences detected so den trees are used according to 
the availability of suitable hollows. 
Of the 98 live trees for which dens were recorded, 36 had single 
entrances so these could be confidently described as the entrances used by 
D. hallucatus. Of these, 50% were hollow branches, 44% were holes in 
trunks and 6% were fissures in the trunk. The mean height of these 
entrances was 4.5m (± 2.6 s.d.). 
Dead trees 
The mean attributes of dead trees used for dens are given in Table 2. 
There were no significant differences detected between the attributes of dens 
. used by males and females (Table 4). Only the 21 dead trees with dens, only 
10 could be identified to species; these were four Erythrophleum 
chlorostachys, four Eucalyptus tetrodonta and two E. miniata. 
Logs 
Of the 64 den logs located, only 26 could be identified to species; 13 
E. tetrodonta, 8 E. miniata, 3 E. porrecta, 1 E. setosa and 1 E. tectifica. Log den 
attributes are summarised in Table 2. Of the single entrance logs (n = 21), 
86% had their entrance at ground level and 14% were on top of the log. 
Seventy percent of entrances were at the end of the log, 30% were on the 
trunk. None of the attributes of den logs were significantly different 
between males and females except for females using logs with a narrower 
circumference particularly at the position where the females were resting 
(Table 4). The minimum circumferences used were 0.44m and 0.64m by a 
female and a male respectively. The maximum circumference of the log 
may not reflect the size of the internal hollow due to variable amounts of 
enclosed termite debris. 
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Rock crevices 
Of the eighty rock dens described, 66% were in boulder piles and 34% 
were under single rocks. There was no significant difference between the 
frequency of use of single rocks versus boulder piles between males and 
females (X2 = 0.1, d.f. = 1, P = 0.7). The mean dimensions of single rock dens 
are in Table 2. The male sample size was too small (n = 2) to compare 
male/female use of attributes of single rock dens. Attributes were not 
recorded for boulder piles due to the difficulty in ascertaining the entrance 
used and determining which dimensions might be important. 
Termite mounds 
All 25 termite mounds used as dens were built by the tree-piping 
termite, Coptotermes acinaciformis. Other smaller termite mounds that 
were probably built by Nasutitermes sp. were also present at the site but they 
lacked cavities. Mean attributes are described in Table 2. There were no 
recent scratch marks or freshly excavated material inside or outside the 
entrance holes that indicated that the cavities were created or enlarged by 
the quolls. Considering only the termite mounds with single entrances 
(n = 15), 27% of entrances faced upwards. Males rarely used termite mounds 
(Fig. 2) thus the male sample size was too small to compare male/ female 
differences in use of attributes. The majority of termite mound use by 
females occurred during the three month period from mid-August to mid-
November when they leave their young in nursery dens whilst they forage 
(see Maternal Behaviour chapter). 
Burrows 
Ten burrows were located, none showed any ev!dence that 
D. hallucatus had excavated or enlarged them. They were probably 
excavated by large varanids (Varanus gouldii and/ or V. panoptes). The 
dimensions of the den entrances are in Table 2. Eight den entrances were at 
ground level with the entrance facing upwards, of these, five were 
associated with rocks, two under logs and one near tree roots. The other two 
den entrances faced horizontally, one was in a mound associated with fire-
break earthworks and the other was in a creek bank. As males rarely used 
burrows, their sample size was too small to compare to the attributes of 
burrows used by females. Forty percent of the burrows were used as nursery 
dens by females. 
Fig. 4. The frequency of den use by each sex of D. hallucatus in four 
habitats; forest, rocky hills, woodland and within lOOm of a creek 
between March-July (n = 81 locations for males, 250 for females). 
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Table 6. The area of each habitat available compared to the proportion of dens used by male 
and female D. hallucatus within the grid and lOOm surrounds during March-July. The total 
number of dens was 104. The 'creek' habitat includes the area within lOOm of the creek 
regardless of whether distinctive riparian vegetation is present. 
Percentage of Percentage of dens 
area estimated in each habitat 
to beineach Males Females 
habitat (n = 13) (n = 91) 
Forest so 46 21 
Rocky hill 30 46 69 
Woodland 15 8 8 
Creek 5 0 2 
Den location and density within habitat types 
Although a large proportion of both male and female D. hallucatus 
den use between March-July occurred in forest habitat, females used dens in 
rocky habitat significantly more often than males whereas males used dens 
more often in the woodland (X2 = 24.5, d.f. = 3, P < 0.0001; Fig. 4). Since the 
sexes differ in the frequency in which they den in particular habitats, at least 
one sex appears to be showing preference rather than simply using the 
habitats in relation to their availability. To test this, the area of each habitat 
available within the 63 hectare centre of the study site (trapping grid and 
surrounding lOOm) was compared to the proportion of dens used in each 
habitat by each sex (Table 6; Fig. 1). 
For the period March-July, the proportion of male dens within each 
habitat did not differ significantly from the proportion of area of each 
habitat available (X2 = 2.5, d.f. = 3, P = 0.5). However, in the same period, 
female dens were located significantly more often in the rocky hills habitat 
than would be expected (X2 = 23.4, d.f. = 3, P < 0.0001). There was no evidence 
that dens used by either sex were located near creeks more than would be 
expected by chance. 
Since females prefer rocky hills for denning at this time of year, it is 
of interest to examine which dens were most common in each habitat 
(Table 7). In the rocky habitat, the greatest density of known dens was 
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Table 7. Density of dens categorised by type used by female D. hallucatus during March-
July in the forest, rocky hills, woodland and creek habitats of the 63 hectare centre of 
the study site (grid and lOOm surrounds). No burrows were situated in this area. 
Dens/hectare Live Dead Logs Rocks Termite Burrows Total 
trees trees mounds 
Habitat 
Forest 0.22 0.13 0.22 0.0 0.03 0.0 0.6 (n=l9) 
Rocky Hill 0.6 0.2 0.3 2.2 0.05 0.0 3.4 (n=63) 
Woodland 0.7 0.0 0.0 0.0 0.0 0.0 0.7 (n=7) 
Creek 0.0 0.0 0.7 0.0 0.0 0.0 0.7(n=2) 
rock crevices followed by live trees. The greatest concentration of rock dens 
was near the peak of the tallest hill where there were 18 known rock 
dens/hectare. This was due to the presence of large boulder piles. Although 
the availability of rock crevices is obviously highest in rocky habitat, the 
apparent higher density of other den types here may be partially due to the 
females more intensive use of this habitat. 
Den Availability 
For trees, logs and termite mounds, den use could be compared to 
den availability in each habitat. The quantitative analysis of the tree species 
present in the forest, rocky hills and woodland habitat is shown in Table 8. 
The density of trees with a circumference greater than SOcm for each habitat 
was 168 trees/hectare for forest, 92/hectare for rocky hills and 131/hectare 
for woodland. Within each of the forest, rocky and woodland habitats, there 
was no significant difference between the relative abundance of tree species 
with their associated hollows and their use by quolls as den tree species. 
Termite mounds and logs were most common in the forest and least 
common in the woodland (Table 9). The slightly higher values for density 
of termite mound and log dens used by females in the rocky habitat than in 
the forest (Table 7) is likely to be a reflection of the more intense use of rocky 
habitat between March and July. 
Temporal and spatial habitat use whilst foraging 
Considering only the trap locations in rocky and forest habitat (since 
the numbers of traps in woodland and near the creek were few), and 
adjusting the figures according to trap availability in each habitat, females 
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Table 8. Quantitative analysis using the point-centred quarter method of trees in the three 
habitats at the study site. Since D. hallucatus only used 6 den trees within the narrow 
riparian strips of vegetation, this was deemed insufficient for comparison to den tree 
availability in the riparian zone. Entrances refers to hollows, holes or fissures greater than 
5cm diameter. E. setosa was underrepresented by the vegetation sampling technique used in 
this study as the most trees were small and had a circumference of <50cm at breast height. 
Known dens includes all located during this study, not just those in the three tree survey 
rids. 
Number Mean Mean Relative Relative 
sampled height circum- frequency frequency 
=Relative (m) ference of entrances of known 
frequency (m) within dens in 
each habitat each habitat 
Forest 
Eucalyptus miniata 34 14.3 0.88 so 24 
E. tetrodonta 24 16 1.02 42 35 
Erythrophleum chlorostachys 12 12 0.77 
Eucalyptus porrecta 12 12.4 0.87 13 
Xanthostemon paradoxus 8 11.4 0.69 2 
Buchanania obovata 3 9.8 0.54 
Dead trees 3 10 0.75 8 24 
E. clavigera 2 13 0.89 
Terminalia ferdinandiana 1 11.5 0.58 
Acacia mimula 1 6.7 0.51 
E. tectifica 0 2 
Total n 100 12 54 
-----------------------------------------------------------------------------------------
Rocky Hills 
Eucalyptus tetrodonta 34 12.4 0.74 40 36 
E. bleeseri 22 12.6 0.79 10 4 
E. setosa 11 6.7 0.60 20 20 
E. miniata 7 12.4 0.66 10 12 
Erythrophleum chlorostachys 6 9.5 0.72 
Dead trees 6 7.2 0.75 10 12 
Terminalia latipes 5 9.2 0.59 
Eucalyptus porrecta 4 9.4 0.77 10 12 
Owenia vernicosa 2 5.4 0.61 
Xanthostemon paradoxus 2 6.8 0.54 
E. clavigera 1 7.5 0.51 
E. tectifica 0 4 
Total n 100 10 25 
-----------------------------------------------------------------------------------------
Woodland 
Eucalyptus tetrodonta 35 14.2 0.87 64 18 
Erythrophleum chlorostachys 15 10.4 0.85 9 8 
Eucalyptus porrecta 13 11 0.81 18 28 
E. bleeseri 8 12 0.79 
E. tectifica 7 11.1 0.79 36 
Xanthostemon paradoxus 6 9.7 0.60 
Dead trees 5 8.7 0.72 4 
Terminalia latipes 4 10.7 0.75 9 
Terminalia ferdinandiana 2 7.8 0.56 
Eucalyptus miniata 2 10.3 0.57 8 
E. foelscheana 2 10.7 0.63 
Planchonella pohlmaniana 1 6.5 0.55 
Total n 100 11 25 
------------------------------------------------------------------------------------------
Overall Total 300 33 104 
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Fig. 5. Intra-annual variation in habitat use within the trapping grid 
by a) female and b) male D. hallucatus. Juveniles were included. 
Capture values were adjusted for the number of traps available in 
each habitat. Woodland and creek habitats were excluded due to low 
number of traps in each. 
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Table 9. Survey of potential termite mound and log dens using sampling plots from point-
centred quarter analysis. Twenty five sampling plots (circles of fOm radius) were assessed in 
each habitat. The total area sampled for each habitat was 0.79 hectare. 
Termite mounds 
Forest 
Rocky 
Woodland 
Log.s 
Forest 
Rocky 
Woodland 
Estimated density (ha-1) 
All With holes 
12.8 
7.7 
1.3 
7.8 
2.6 
1.3 
2.6 
2 . .6 
0 
2.6 
1.3 
1.3 
were predominantly caught in rocky habitats throughout the year except for 
the period September-November when they have young in nursery dens 
(X2 = 8.7, d.f. = 3, P = 0.03). During this period females are caught most often 
in the forest (Fig. 5). The change in habitat use is of even greater significance 
if the juveniles, when they first become trappable in late November, are 
excluded. This is because juveniles are abundant and move up into the 
rocky habitat in late November. When juvenile males first become 
trappable in mid-late November, they are also more often caught in the 
rocky hills (Fig. 5). Juvenile males use decreasing proportions of rocky 
habitat and proportionally more forest as they complete weaning, disperse 
(December-January) and become sexually mature (Fig. 5). Once mature, they 
are caught most often in the forest as they traverse large distances between 
hills to visit widely spaced females (see Spatial Organisation chapter). 
Den re-use 
Sufficient dens to establish asymptotic range sizes were obtained for 
seven females (see Spatial Organisation chapter). These females used 20-55 
dens each (mean= 35 ± 12 s.d.). Insufficient locations were obtained for 
males to reach an asymptotic range size so the number of dens recorded is 
likely to be an underestimate. The maximum recorded for a male was 18. 
During the period March-July, female re-use of individual dens (1.6 ± 0.1 
s.e., n = 152) was significantly greater than re-use by males (1.2 ± 0.1 s.e., 
173 
n = 69; t = 3.0, P < 0.004). This could be a reflection of the greater home range 
of males (Spatial Organisation chapter) and hence greater den availability, or 
it may merely be an artefact of the lesser amount of data gained for males. 
Within each sex, re-use of individual dens did not vary with den 
type. Males showed little preference for any den, no den was used more 
than three times. Of the 69 dens used by males between March-July, only 
two were occupied for two or more consecutive days (3%). The first was a 
burrow in which a male stayed three days and appeared to be hoarding 
carrion, evidenced by the putrescent smell emanating from the entrance on 
the second day of occupation. The second was a base of a tree in which a 
male stayed for two consecutive days two weeks after the mating season. He 
was in poor condition and died two weeks later. Although repeated use of 
dens by females occurred primarily when rearing young between 
September-November, even during the non-breeding and pouch young 
period females repeatedly used some dens. Of the 152 dens used by females 
between March-July, 9% were used for at least two consecutive days and 4% 
were used on 5 occasions or more (not all consecutive). 
Den sharing 
Adult D. hallucatus nearly alwaY,s den alone. Despite locating dens on 
i .. ~c11.sM.lz_ ''°''·o+tedul : 
658 occasions with 85% of these from sme11 5H~1!:!!)f neighbouring females, 
simultaneous den sharing by adults was recorded only once. A two year old 
female with pouch young was radio-tracked to the same rockpile as a one 
year old female with pouch young, they were only lm apart. Since this pair 
also displayed greater overlap of range than any other females, used some of 
the same dens in close temporal succession and the elder was trapped 
outside the younger's den (occupied the previous day); it is likely that they 
were mother and daughter. 
Sequential den sharing, the use of a known den by another 
individual at a later time, was also uncommon. Of the 302 known dens 
located during the two year study, 89% were used by only one adult, 10% 
were used by two and 1 % percent by three. The number of dens used 
sequentially by each combination of sexes are shown in Table 10. There was 
no significant difference between the number of dens of each type (e.g. live 
trees etc) that were used by more than one individual and the overall ratio 
of use of different den types. 
There was considerable time between known instances of sequential 
den sharing, the mean gap being 275 days (± 171 s.d., n = 36). The use of a 
particular den by a second adult individual occurred on average 8 months 
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Table 10. The numbers of dens that were used by adult D. hallucatus once, twice or thrice, in 
relation to the occupants sex. The total number of dens located was 302. 
Sex of original 
occupant 
1 
Male 64 
Female 206 
TOTAL 270 
Number of occupants 
2 
Sex of 
Second occupant 
Male 1 
Female 5 
Male 2 
Female 21 
29 
3 
Sex of 
Third occupant 
Male 0 
Female 0 
Male 0 
Female 3 
3 
(± 4.4 s.d., n = 29) after the death of the first individual (excluding the 
presumed mother-daughter pair). The two adult females presumed to be 
mother and daughter demonstrated significantly shorter inter-den use 
times (26.l days± 46.6 s.e., n = 7) than other adult females (316.7 days± 26.3 
s.e., n = 22; t = 5.42, P < 0.0001). They were also both still alive when 
sequential den use occurred. There were insufficient data to compare male-
male inter-use time to female-female. 
Concealment 
Both sexes of D. hallucatus are more conspicuou_s during the day 
prior to and around the mating season (May-early June). Males are also 
often visible both outside and inside their dens during the die-off (June-
July; Fig. 6). Once females have pouch young in late June/July they are no 
longer located outside dens during the day and less often visible within 
their dens (Fig. 6). 
From March-July, D. hallucatus in dens were totally or partially 
visible from a lateral view on 5% (n = 331) of occasions but only visible from 
an aerial view on 1 % of occasions. There was no significant difference in 
visibility of males and females in dens during this period. For males, there 
was no difference between the frequency that they were visible in different 
den types and the overall frequency of use of den types. However, females 
were significantly more often visible in rock dens and less often visible in 
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Fig. 6. Percentage of occasions each month from March-July that 
a) female and b) male D. hallucatus were located moving/sheltering 
in Sorghum spp. during the day or were visible in their dens. 
n = the total number of locations for each month. 
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live tree dens than their frequency of use of the different den types (X2 = 24.6, 
d.f. = 5, P < 0.0002). In rock dens, lateral views -ranged from just the tail to 
the whole animal. On one occasion a female was observed asleep under a 
rock with her hindquarters in a shallow depression in the earth and her tail 
over her eyes. From the dirt on her nose, she appeared to have been 
enlarging the depression. In the other den types, when the occupant was 
visible, usually just the tail or silhouette could be seen. Termite mound 
dens offered complete concealment due to small entrances or another 
passage inside preventing the quoll from being visible from the entrance. 
In addition to the den locations, 16 locations where quolls were 
sheltering in grass or moving during the day were also recorded. Between 
March-July, males were significantly more likely (11 % of all locations for 
live males) to be found moving or sheltering in grass during the day than 
females (2%; x2 = 12.1, d.f. = 1, p < 0.0005). 
Scat deposition at den entrances 
Of the 319 occasions that den entrances were monitored for scats 
between March-July (245 for females, 74 for males), scats were present on 3% 
of occasions. There was no significant difference in the frequency of 
deposition between males and females for this period. 
Discussion 
Den choice and inter-specific competition 
Dasyurus hallucatus exhibited opportunistic denning behaviour, 
using a wide variety of den types. In the lowland savanna at Kapalga, 
D. hallucatus denned predominantly in tree hollows, rock crevices and logs 
and less often in dead trees, termite mounds and burrows. As a result of this 
flexibility and the abundance of potential dens, there was probably little 
inter-specific competition for den sites. Of the three other mammal species 
that were commonly caught at the study site, one occasionally uses logs 
(Isoodon macrourus, Gordon 1995) and the other two mostly use tree 
hollows (Antechinus bellus, Calaby 1995; Trichosurus vulpecula 
arnhemensis, Kerle 1985) but the size differences of the latter two would 
partition their requirements to different sized hollows to D. hallucatus, as 
has been described for mammals in Victorian montane ash forests 
(Lindenmayer et al. 1991). In any case, since D. hallucatus is a generalist 
predator (see Diet chapter), most potential mammal or bird competitors 
would be likely to be displaced from any desired den. 
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Comparison of male and female den and habitat use 
The differing reproductive strategies of the two sexes of D. hallucatus 
influence their habitat use and consequently, their use of dens. Females, 
with their mutually exclusive home ranges (mean 35ha, see Spatial 
Organisation chapter), preferred rocky habitat for most of the year (non-
breeding and pouch young period). Areas in the rocky hills were quickly 
re-occupied after the death of a resident female whereas some areas in the 
forest and near the creek were left unoccupied at various times. The 
preference for rocky habitat would reflect some advantage gained in 
reproductive success, by higher quality food resources or enhanced maternal 
survival. Concomitant with this preference for rocky habitat is a greater use 
of rocky crevices as dens by females than by males. The male D. hallucatus 
strategy consisted of large ranges (over 100 ha, Spatial Organisation chapter) 
overlapping with other males as well as females. Males constantly traversed 
all habitats as they travelled between the widely spaced females. 
Consequently, males showed no habitat preference for denning, dens were 
located in different habitats in the same relative proportions as the area of 
each available. In contrast to Braithwaite and Griffiths (1994), there was no 
evidence that males denned or foraged near creeks more often than would 
be expected. Males used a greater number of logs than females, this is likely 
to be a result of being located in woodland more often than females. Also, as 
males focus their effort on travelling through unfamiliar territory, perhaps 
logs are easier to assess for hollows than trees. Despite the above inter-
sexual differences in den use, overall the most common den type used by 
both sexes was live trees. Within each habitat, use of den tree species and 
attributes of den trees was compared to the relative abundance or attributes 
of those with hollows and no differences were detected. Thus in contrast to 
Braithwaite (1989) and Braithwaite and Begg (1995), there was no evidence 
that D. hallucatus preferred reddish-barked trees. At this site, the grey-
barked E. tetrodonta was the most common tree species present, frequently 
piped and consequently the most commonly used den tree. Males used 
E. tetrodonta more often than females whereas females used the (also grey) 
smaller species E. tectifica more often than males. This difference is also 
likely to reflect hollow availability, with smaller females able to use 
narrower hollows. Conversely, the lack of use of other common tree species 
such as E. bleeseri and Erythrophleum chlorostachys appears to reflect the 
rarity of suitably sized hollows in those species. The abundance of hollows 
in an area is influenced by the tree species present, their age, and whether 
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their wood characteristics (e.g. degree of lignification, chemical defence) 
make them preferred targets of tree-piping termites (Braithwaite et al. 1985). 
Comparison with other dasyurid species 
D. hallucatus used a broader range of den types than other dasyurids 
for which data is available, however this may also be reflection of greater 
den availability in the wet-dry tropics compared to temperate regions in 
addition to variation between sites (Table 11). For example, the greater use 
of tree hollows and unique use of termite mounds by D. hallucatus 
compared with D. geoffroii and D. viverrinus may be a consequence of 
greater abundance of these den types due to greater activity of tree-piping 
and mound-building termites in the wet-dry tropics (Braithwaite et al. 1985). 
Where alternative dens are available there are anecdotal accounts of 
D. hallucatus and D. geoffroii using human structures (R. Muller, pers. 
comm., Serena et al. 1991), D. viverrinus sheltering in logs (Fleay 1935, 
Troughton 1941, Green 1967) and D. geoffroii in desert regions using tree 
hollows and holes in termitaria (Johnson and Roff 1982; Burbidge et al. 
1988). 
Variation in availability of dens, in conjunction with the density of a 
particular population, is also likely to affect den sharing behaviour (Table 
12). Both the D. geoffroii and D. hallucatus populations studied were low 
density with the females using large numbers of dens, resulting in den 
sharing being very rare. In contrast, and despite female D. hallucatus having 
the same mean home range size as female D. viverrinus, D. viverrinus 
used few dens. As a result, in this high density D. viverrinus population, 
much greater den sharing occurred. The positive correlation between den 
sharing and population density also appears to occur ".Vithin some 
populations e.g. den sharing was most common for D. viverrinus at the 
time of year when the population was at its highest density (Godsell 1983). 
For D. hallucatus, one outcome of occupying an area with a surfeit of 
naturally-occurring dens may be to negate the need to expend energy 
excavating burrows. The density of naturally-occurring dens was highest in 
the rocky hills at Kapalga and there was no evidence that D. hallucatus 
excavated any dens. Even the burrows at this site appeared to be former 
varanid burrows. In contrast, the D. viverrinus study site had the lowest 
density of naturally occurring dens and the greatest proportion of burrows 
(72%), all excavated by the species (Godsell 1983). It would be of interest to 
determine whether D. hallucatus in an area with fewer dens or a higher 
density population would have a greater incidence of den sharing or 
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Table 11. Comparison of the frequency of den use by four species of dasyurid; Dasyurus 
geoffroii (Serena et al. 1991), D. viverrinus (Godsell 1983), D. hallucatus (this study) and 
Antechinus stuartii (Cockburn and Lazenby-Cohen 1992). 
D. geoffroii D. viverrinus D. hallucatus A. stuartii 
Jarrah Woodland/ Lowland 
Forest Pasture Savanna Forest 
(n=360) (n=85) (n=302) (n=188) 
Live trees 0 0 32 24 
Rock crevices 0 7 28 0 
Logs 35 0 21 3 
Dead trees, stumps 0 0 7 72 
Termite mounds 0 0 8 0 
Burrows 63 72 3 0 
Living vegetation 0 0 0 1 
Human structure 0 21 0 0 
Other 2 0 0 0 
excavating. If excavation does not occur even when there is a paucity of 
dens, then this may have contributed to the local extinction of D. hallucatus 
from pastoral regions in contrast to D. viverrinus which can exist in altered 
environments including pasture. 
Function of dens 
Dens may have several functions; social contact, protection against 
environmental hazards or predators, assisting thermoregulation and 
rearing of young (Cockburn and Lazenby-Cohen 1992; Lindenmayer et al. 
1996). The latter function as nursery dens will be discussed in the next 
chapter, on Maternal Behaviour. 
For adult D. hallucatus, social contact is unlikely to be a main 
function of dens. As mentioned above, den sharing was extremely rare, and 
was not even recorded during the mating season. Avoidance between adults 
appeared to be practised to such an extent that dens were not re-occupied by 
a second individual until 8 months after the death of the first individual, 
perhaps after any scent had abated. This extreme solitary behaviour is in 
stark contrast to A. stuartii where aggregations of up to 18 individuals in 
one nest have been recorded, probably for social contact preceding and 
during the rut (Lazenby-Cohen 1991; Cockburn and Lazenby-Cohen 1992). 
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Table 12. Comparison of denning by female Dasyurus; D. geoffroii (Serena and Soderquist 
1989; Serena et al. 1991; T. Soderquist, pers. comm.), D. viverrinus (Godsell 1983; Jones and 
Rose 1996) and D. hallucatus (this study). '-' = data unavailable. Due to their larger ranges, 
less data are available for males. 
Density of quolls 
Mean number of dens each 
Percentage of occasions dens 
shared 
D. geoffroii D. viverrinus 
Murray River Cradoc 
0.7 /km2 40/km2 
176/ year 4.6 
very rare 21 (n=354) 
Mean Home Range size (ha) 337 35 
Density of dens/hectare 0.04 (pasture) 
0.37 (woods) 
1.2 (woodland gullies) 
D. hallucatus 
Kap alga 
1-3.3/km2 
35 
0.002 (n=574) 
35 
0.6 (forest) 
3.4 (rocky hills) 
Percentage of dens created by 57 
quolls 
72 0 
Den sharing in D. viverrinus was considered to be the result of the 
popularity of particular dens (where dens are limited) rather than social 
cohesion (Godsell 1993). 
The main environmental hazard in northern Australian savannas is 
frequent fire. The eucalypt forests and woodlands are burnt every 1-2 years 
compared to every 5-20 years in southern Australia (Walker 1981; Williams 
1995). Dens, provided they do not catch fire, would provide protection from 
radiant heat. At the study site, no deaths were attributed to fire fronts. Of the 
two females radio-tracked as a fire front passed; one fled before an early dry 
season fire from a live tree den to a dead tree den, and the other, who was 
using a live tree den as a nursery den, stayed there with her young as an 
intense late dry season fire passed below, despite intense smoke. Frillneck 
lizards have been found to seek refuge in termite mounds during fires 
(Griffiths 1994). However, if the major function of dens for D. hallucatus 
was protection from fire, then selection for use of fire resistant dens such as 
rocks and termite mounds might be expected rather than logs and trees. 
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Also, during the late dry season when the risk of intense fire is the greatest, 
females shift habitat use from rocky hills to the forest (Maternal Behaviour 
chapter) which would seem incongruous if fire avoidance was the major 
factor affecting behaviour. 
In the wet-dry tropics, temperatures are constantly high ranging from 
a mean monthly maximum of 31 to 37°C and a mean monthly minimum 
of 18 to 25°C. D. hallucatus has a mean body temperature of 34oc when 
resting and although able to maintain body temperature at lower ambient 
temperatures (down to 10°C), at ambient temperatures above 34°C, its body 
temperature begins to rise and can only be controlled by evasion of the heat 
(Morrison 1965). Thus in this climate, maintaining body warmth during the 
day is not a problem (so den sharing to conserve energy by huddling is 
unnecessary) whereas keeping cool is of greater importance. D. hallucatus 
generally emerge from their dens punctually at dusk and return before 
dawn (Maternal Behaviour chapter). This synchrony with the hours of 
daylight could suggest that dens are for solar protection or for the avoidance 
of diurnal predators. Although D. hallucatus appears to be more susceptible 
to heat stress than the other small mammals caught at Kapalga, the wide 
range of resting places used including sheltering in grass, suggests that as 
long as the quoll has access to shade, dens are not essential for 
thermoregulation during the day (although benefits may be accrued from 
using better shaded sites). If the current selection for nocturnality was 
primarily due to the advantage of heat avoidance, then it might be expected 
that quolls in cooler temperate climates would become more diurnal. 
However, all quolls and most Australian small mammals are 
predominantly nocturnal regardless of climate. Nocturnality may have 
evolved in the first mammal-like reptile radiation to i:ivoid diurnal 
reptilian competitors and predators (Archer 1984). The maintenance of this 
pattern of activity suggests that avoiding diurnal predators or competitors 
may still be important to many species (e.g. bettongs, Wallis et al. 1989; 
flying foxes, Wiens et al. 1986). 
Predators were found to be the major proximate cause of death for 
D. hallucatus at this site, the majority of deaths occurring in open areas such 
as fire-breaks, roads and in recently burnt areas (Reproduction and 
Demography chapter). Potential diurnal predators of D. hallucatus include 
dingoes, raptors and goannas. Olive pythons are also occasionally diurnal. 
Dingoes were found to be a major cause of death of D. hallucatus although 
I 
they rarely eat them (Reproduction and Demography chapter). One death 
was caused by an Olive python. Although no deaths were definitely 
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attributed to raptors or goannas, both were observed chasing quolls that had 
just been released from traps. Sheltering in dens during the day may 
prevent detection by these species. Although most dens completely 
concealed the individual, a small percentage sheltered the quoll from above 
but allowed partial viewing in daylight from the entrance. This suggests that 
aerial predators and large coincidental predators such as dingoes are the 
main threat rather than ground-based actively-searching predators such as 
snakes. In addition, local snake species large enough to consume quolls are 
predominantly nocturnal. It appears that the main function of dens for 
adult D. hallucatus would be to avoid detection by predators, although 
keeping cool and protection from fire would be added advantages. In 
keeping with the notion of diurnal dens basically as a cover from several 
predators rather than a more specific function, D. hallucatus appears to be 
highly opportunistic in den choice, using whatever is available. 
Shifting dens 
For the period when adult male D. hallucatus were present, both 
sexes tended to shift dens every night. D. viverrinus also tends to shift dens 
regularly, being located in each den for a mean of two consecutive days 
(Godsell 1983). Why do these species shift dens so often when energy must 
be expended prospecting for new ones (Barclay 1988; Warner 1990; Cockburn 
and Lazenby-Cohen 1992)? Possible reasons include avoidance of predators 
identifying the den (Sonerud 1985); avoidance of parasite build-up (Barclay 
1988; Clark and Mason 1988) or to reduce energy expenditure by denning 
wherever they finish foraging on a particular night. 
For most of the year when dens are only used during the day (i.e. 
excluding the nursery period), avoidance of predators is unlikely to be a 
major function of den shifting in the wet-dry tropics. The only predators on 
the site that are likely to monitor a den are pythons, which are ambush 
predators. Pythons at this savanna site large enough to consume an adult 
quoll (Liasis olivaceus and Morelia spilota) are predominantly nocturnal in 
this climate and since quolls usually leave their dens to forage promptly at 
dusk and tend to return at dawn, pythons would have little opportunity to 
waylay them at their dens (Maternal Behaviour chapter). As discussed 
above, many of the dens chosen would not exclude snakes so it appears they 
are not the main threat during the day. There are no pythons in Tasmania 
(Shine 1991) where D. viverrinus was studied so this does not explain den 
shifting in this species. 
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Since immature fleas develop in the nests or dens of mammals and 
birds (Barnes 1980), avoidance of parasite build-up may be a factor in 
frequent shifting of dens. However, although four species of fleas have been 
described for D. viverrinus (Godsell 1983), this species uses only one den 
during the entire nursery denning period. Presumably parasites are not 
detrimental enough to cause den shifts, particularly when weighed against 
the low density of suitable alternative dens. Two species of fleas have 
previously been described for D. hallucatus; Xenopsylla vexabilis and 
Echidnophaga myrmecobii (Dunnet and Mardon 1974; D. Spratt, pers. 
comm.). The former species was identified in this study in addition to 
Echidnophaga aranka (fur) and E. ambulans ( quoll den vacated the previous 
day). No more than one flea was ever observed on a live D. hallucatus so 
they do not appear to be a major irritant, however this may be the result of a 
successful avoidance strategy. A heavily flea infested termite mound den 
was used three times in a week by the same quoll and young, suggesting a 
lack of avoidance. 
Without radio-tracking the activity of D. hallucatus at night, it could 
not be determined whether quolls rest in the nearest den to where they 
finish foraging but this appeared to be the most likely reason for frequent 
den shifts. Flexible denning behaviour may help to conserve energy in a 
species that forages on patchily distributed resources (Godsell 1983). This 
strategy would be even more efficient in an area with a high density of dens 
such as the site at Kapalga. 
Den choice and survival 
Although now declining, D. hallucatus has been one of the last of the 
small mammals to suffer in Kakadu (Braithwaite and ~riffiths 1994). 
Perhaps its highly opportunistic use of dens in addition to its catholic diet 
(Diet chapter) are advantageous compared with mammals that are more 
specific in their requirements. Those mammals which only use flammable 
dens (trees, logs, grass) are likely to suffer greater loss of den sites in a region 
that is burnt extensively annually. Tree mortality in Eucalyptus tetrodonta/ 
E. miniata forest at Kapalga was found to be 8% and 15% respectively after 
particularly intense early dry season and late dry season fires (Williams 
1995). Rates of seedling recruitment to the above-3m fraction in the three 
year period following the fires were found to be insufficient to replace tree 
mortality (Williams 1995). As one of the primary functions of dens is cover 
from predators, flexible denning behaviour greatly increases the number of 
dens available in a given area and hence the chance that a den is nearby 
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Fig. 7. The age at death for female D. hallucatus in relation to the 
proportion of their dens situated in rocky habitat. I = minimum age, 
since the females were still alive at the end of the study. 
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when required for refuge. At this site, the greatest density of dens was in the 
rocky hills. Females whose home ranges included the most roc:ky habitat 
lived longer (Fig. 7). Only females with more than 60% of dens in rocky 
habitat survived to a second breeding season so possessing a rockier home 
range appeared to increase reproductive success. There was no evidence that 
more food or water was available in rocky habitat (Diet chapter). The 
predominant proximate cause of mortality was predation in open areas such 
as firebreaks or after fire had removed the ground cover. The nine recorded 
instances of death caused by predators were evenly distributed in the forest, 
woodland and creek habitats, however, none were in the rocky hills. 
Females appear to live longer in the rocky habitat due to less predation 
which may be the result of less large predator activity in this habitat or due 
to the greater availability of dens to flee to when being pursued. Large 
expanses of rock also break up fire leaving patches of unburnt cover which 
allow better concealment from predators. On a larger scale, this may account 
for the remnant populations of D. hallucatus being centred on rocky plateau 
country such as the Kimberley. In much of the savanna, extensive fire, 
grazing or clearing removes den sites and ground cover, prevents adequate 
seedling recruitment to replace lost dens, and increases the vulnerability of 
D. hallucatus to predation. 
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Chapter 7 
Maternal attendance, nesting behaviour and use of nursery 
dens by the Northern Quoll, Dasyurns hallucatus 
To be submitted to the Australian Journal of Zoology 
Maternal attendance, nesting behaviour and use of nursery dens 
by the N orthem Quoll, Dasyurus hallucatus. 
Abstract 
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Thirteen female Dasyurus hallucatus were radio-tracked on average 
for 90 days each (range 2-266) between November 1992 and December 1994 in 
lowland savanna in Kakadu National Park, Northern Territory. Young 
were born in mid-late June and remained in the pouch for about 9 weeks. 
Between mid-late August and mid-November each year, all mothers 
deposited their young in nursery dens while they foraged. During this 
period, mothers denned significantly more often in the forest, in contrast to 
the remainder of the year when they preferred rocky habitat. Mothers were 
found to use the same den types as during the rest of the year (live trees, 
dead trees, logs, rocks, termite mounds and burrows) but used a greater 
proportion of termite mounds and less logs. The greater use of termite 
mounds may be for protection from predators, to assist thermoregulation of 
the young, or simply due to their greater availability in the forest. The 
reduction in the use of logs is contrary to their greater availability in the 
forest and remains unexplained. Nests of dry grass and leaves were 
constructed inside dens during the first four weeks after deposition of 
young, suggesting that young required some insulation at this stage. It is 
likely that, similar to D. geoffroii, the young are not fully capable of 
thermoregulation when first deposited in the den. Unlike other Dasyurus 
species, D. hallucatus mothers still continued to regularly shift dens during 
this period, although each den was used for a greater number of consecutive 
days (maximum 15) than during the rest of the year. Possible reasons for den 
shifting are discussed. Mothers did not forage when ~oving young between 
nursery dens. Mothers usually visited their young once during the night for 
an average of 51 minutes each visit during the early nursery denning period 
decreasing to 30 minutes in the late nursery period. Adult and juvenile scats 
were deposited at den entrances during October-November just before the 
young became independent. This may be for hygiene, or to act as a 
recognition signal assisting the young to relocate the nursery den after their 
first foraging forays. By late November the mothers returned to the rocky 
habitat. The mean distance between successive dens of adult females was at 
its maximum during January-April. This may be to monitor and scent-mark 
their territory at the time when young are dispersing and establishing 
territories. 
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Introduction 
- The Northern Quoll, Dasyurus hallucatus, is a nocturnal marsupial 
carnivore which is distributed across northern Australia. During the day, 
D. hallucatus rests in dens in live trees, dead trees, logs, termite mounds, 
burrows or under rocks (see Den and Habitat Use chapter). The males, 
which attain a maximum weight of 1120g, are semelparous in the lowland 
savanna, most dying within two weeks of mating. The majority of females 
also only survive for one breeding season although some survive to breed 
twice. The maximum age recorded for a female in the wild was 3 years. 
Females bear up to 8 young in mid-late June. The young are altricial at birth 
and remain in the pouch until mid-late August (about 9 weeks old) when 
they are left in a den (nursery den) whilst the mother forages. They first 
become trappable in mid-November and are weaned in December at 
approximately 6 months old. 
Few studies have previously been conducted on dasyurid maternal 
behaviour in the wild apart from Antechinus stuartii, D. geoffroii and 
Phascogale tapoatafa (Cockburn and Lazenby-Cohen 1992; Serena and 
Soderquist 1989; Soderquist 1993). D. hallucatus has not previously been 
studied. The aim of this chapter is to compare D. hallucatus maternal 
denning behaviour to the denning behaviour of females during the rest of 
the year. As discussed in the previous chapter, dens may have several 
functions. Altered den choice during the nursery period is likely to reflect a 
change in their main role. 
Methods 
Study site 
The study was conducted at Kapalga Research Station (12043'S, 1320 
25'E), located approximately 200km east of Darwin in Kakadu National Park, 
Northern Territory. Kakadu is in the wet-dry tropics, where rainfall is 
markedly seasonal with the majority falling between December and March 
(the wet season). The average annual rainfall at Naramu camp, Kapalga is 
about 1200mm (Gill et al. 1996). Temperature is constantly high with mean 
monthly maxima ranging between 31-370C (Jabiru, Bureau of Meteorology). 
The coolest period is the mid-dry season, June-August, the latter month 
being when the young are first left in a nursery den (mean monthly 
minimum of August, 19.20C). 
The main study site contained four habitat types: open forest 
(dominated by Eucalyptus tetrodonta, E. miniata); woodland (E. tetrodonta, 
E. tectifica, Erythrophleum chlorostachys); rocky quartzite hills (Eucalyptus 
192 
setosa, E. bleeseri) with a maximum altitude of 77m; and a narrow riparian 
strip (with occasional Melaleuca viridiflora and Pandanus spirqlis) around a 
small seasonally flowing freshwater creek. The predominant understorey 
were the annual grasses Sorghum spp. The vegetation and habitat 
classification is described in greater detail in the previous chapter. The 
skeletal soils of the woodland and rocky hills were gravelly and well-
drained while soils near the creek and in the open forest contained more 
clay and organic matter. 
The site was part of a landscape-scale fire experiment and was subject 
to a 'progressive' fire regime (Andersen et al. 1997). This regime, which 
consisted of three patchy dry season burns annually, aimed to simulate 
traditional aboriginal burning practices . 
Trapping 
The main trapping grid (predominantly using wire cage traps) 
covered 22.5 hectares from November 1992 to December 1993 and 35 
hectares from January 1994 to February 1995 (see Growth and Development 
chapter). Additional trapping was also carried out at occupied dens (located 
by radio-tracking) to determine when the young had left the pouch and been 
deposited in a nursery den. However, trapping at dens appeared to cause 
mothers to shift to a new den, even when effort had been expended on nest-
building. Consequently, only minimal trapping at dens or on the grid (with 
traps being checked a few hours after sunset) was carried out from mid-
August to mid-October so as not to disadvantage the altricial young left in 
dens. 
Radio-tracking 
Females wore radio-collars for 2-266 days (mea; ± s.d. = 90.5 ±;91.3 
days, n = 13). Details of transmitter attachment, den measurements etc. are 
provided in the previous chapter on Den and Habitat Use. Females were 
radio-tracked to their dens on foot during the day using a receiver and 
hand-held antenna. The presence or absence of scats deposited at each den 
entrance was recorded. Dens with obvious nests were neither observed at 
close range nor measured until after the mother had shifted to another den 
in order to avoid disturbance. 
Monitoring attendance at the nursery den 
To determine the time of emergence of the female from the den, a 
form of stagwatching was attempted on several occasions. This involved 
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watching and identifying the silhouette of an animal leaving a den hollow 
at dusk (Seebeck et al. 1983; Smith et al. 1989) The technique used followed 
Lindenmayer et al. (1991), whereby the observer moved into position 30 
minutes before dusk and stayed motionless until one hour after dusk. 
In August, when females with radio-collars had deposited their 
young in dens, an automatic radio-telemetry recorder (Soderquist 1993) was 
set up outside a den each afternoon and the tape was collected the following 
morning. It was set up for 7 consecutive nights I female, and shifted to the 
appropriate new den if she shifted her young. This device recorded the 
presence/ absence of the mother at the den every 15 minutes, allowing 
determination of when the mother left the den to forage, the timing and 
duration of return visits during the night, and the time of final return. 
Monitoring during the day was not conducted because the device proved 
unreliable when hot. However, it appeared from radio-tracking that females 
never foraged diurnally during the nursery denning period. The automatic 
radio-telemetry recorder was used from August to November 1994. To 
determine whether maternal behaviour varied depending on the stage of 
development of the young, the nursery period was divided into two broad 
categories: the early nursery period (the first five weeks after deposition; 9-14 
weeks old) and the late nursery period (the last five weeks in the den; 14-19 
weeks). 
Results 
Den locations 
Thirteen females were radio-tracked to 237 dens on 574 occasions 
(Figs. 1, 2). Of these, seven females were radio-tracked between the time 
when the mother first deposited the young in a nursery den (mid-late 
August) to when the young became independent (mid-November). For this 
nursery period, 74 dens were located on 232 occasions (mean± s.d. = 3.1±3.5 
occasions/ den). 
Habitat choice 
In contrast to most of the year, when dens were more likely to be in 
the rocky hills, nursery dens were more likely to be located in the open 
forest (Fig. 3; x2 = 19.9, d.f. = 3, P < 0.0002; see Appendix 5 for Table of data). 
Den choice 
The same six den types that females use throughout the year (live 
trees, dead trees, logs, rock crevices, termite mounds, burrows) were used as 
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nursery dens. However, females used a greater proportion of termite 
mounds an9. fewer logs during the nursery period than for the rest of the 
year (X2 = 72.4, d.f. = 5, P < 0.0001; Fig. 4, 5, Appendix 5). Burrow use also 
increased during the nursery period. With the greater use of forest habitat 
during the nursery period, it could be expected that there would be greater 
use of den types that are present at higher density in this habitat, such as 
trees, logs and termite mounds (Den and Habitat Use chapter). However, 
only use of termite mounds increased. Use of tree dens remained the same 
and use of logs decreased. 
Of 22 known termite mound dens used by female D. hallucatus, 77% 
were used as nursery dens, accounting for 82% of the 55 occasions that 
females were recorded using this den type. During the nursery period, 80% 
of the occasions of termite mound use were situated in the forest habitat, 
with the remaining 20% in rocky habitat. Although there was a tendency for 
termite mounds used as nursery dens to be smaller in all dimensions than 
non-nursery termite mound dens, none of the differences were significant 
(Table 1). 
Live nursery den trees were significantly taller and had a wider 
circumference than non-nursery den trees (Table 1). This was not a 
consequence of altered use of tree species as there was no significant 
difference between the two periods, but it may be due to the greater use of 
the forest habitat since trees in the forest were taller and wider than trees in 
the rocky hills (see Den and Habitat Use chapter). There were no significant 
differences between the other dimensions of live nursery and non-nursery 
den trees. 
Although nursery den logs appeared to have a wider circumference 
where the quoll was resting and larger entrance holes than non-nursery den 
logs, both of these are the result of one outlier in a small sample size (Table 
1). 
There were no significant differences between the dimensions of 
nursery and non-nursery burrows nor between dead tree dens used in the 
nursery and non-nursery periods (Table 1). 
During the nursery period, females used significantly more boulder 
piles and less single rocks than during the non-nursery period (X2 = 6.6, d.f. 
= 1, P = 0.01). The sample size of nursery single-rock dens with dimensions 
recorded (n = 2) was too small to compare attributes with non-nursery single 
rock dens. 
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Table-1. Comparison of attributes of dens used by female D. hallucatus during the nursery 
(mid-August to mid-November) and the non-nursery period. For number of entrances, only 
those greater than 5cm diameter were counted. Entrance dimensions given are from single 
entrance dens only. Entrance dimensions were not recorded for trees due to the inaccessibility 
for measurement. The nursery sample size for dimensions of single rocks (n = 2), was 
insufficient to allow meaningful comparison so these have been omitted. * denotes differences 
with a significance level of 0.01 < P <0.05. NS = non-significant. 
Den type Dimension Nursery Non-nursery Significance 
Mean±s.e. Mean±s.e. 
Live Height (m) 14.9 ± 0.8 12.6±0.5 t = 2.4, P<0.02* 
trees Circumference (m) 1.3 ± 0.1 1.1 ±0.0 t = 2.1, P<0.04* 
Height lowest entrance (m) 3.8 ±0.6 4.4±0.4 t = 0.9, F<0.3, NS 
Number of entrances 2.0 ±0.3 2.2±0.2 t = 0.6, P<0.6, NS 
Lean (0 from horizontal) 77±2.8 72±1.8 t = 1.6, P<O.l, NS 
[all n = 21] [all i1=53] 
Dead Height (m) 8.9 ±2.3 7.5±1.1 t = 0.5, P<0.6, NS 
trees Circumference (m) 1.2 ± 0.1 1.0±0.1 t = 1.6, P<O.l, NS 
Height lowest entrance (m) 2.7±1.4 2.6±0.7 t = 0.0, P<0.9, NS 
Number of entrances 2.7±0.7 1.3 ± 0.3 t = 1.7, P<O.l, NS 
Lean (0 from horizontal) 73± 13.2 68±6.6 t = 0.3, P<0.7, NS 
[all n = 3)] [all n = 12] 
Logs Total length (m) 8.3 ± 2.5, n = 4 9.1±0.8,n=36 t = 0.3, P<0.8, NS 
Internal hollow length (m) 3.3 ± 1.6, n = 4 6.1 ± 0.6, n = 32 t = 1.6, P<O.l, NS 
Circumf. at widest pt (m) 1.0 ± 0.1, n = 3 0.8 ± 0.0, n = 35 t = 1.1, P<0.3, NS 
Circumference at quoll (m) 1.0 ± 0.1, n = 3 0.7±0.0, n = 29 t = 2.4, P<0.02* 
Number of entrances 1.0 ± 0.5, n = 4 2.0 ± 0.2, n = 36 t = 1.8, P<0.07, NS 
Min. dist. quoll from 
nearest entrance(m) 2.4 ± 0.9, n = 4 2.6 ±0.3, n = 31 t = 0.2, P<0.8, NS 
Entrances -longest side (cm) 40.7 ± 11.7, n = 4 12.3 ± 6.5, n = 13 t = 2.1, P<0.05* 
-shortest side (cm) 8.4 ± 2.9, n = 4 11.2 ± 1.6, n = 13 t = 0.8, P<0.4, NS 
Termite Height (m) 1.0 ± 0.1, n = 17 1.2 ± 0.2, n = 5 t = 0.8, P<0.4, NS 
mounds Basal circumference (m) 4.6 ± 0.4, n = 17 6.2 ± 0.7, n = 5 t = 2.0, P<0.06, NS 
Number of entrances 1.4 ± 0.2, n = 17 1.8 ± 0.4, 1t = 5 .t = 0.9, P<0.3, NS 
Entrances-longest side (cm) 13 ± 1.8, n = 11 19±3.5, n =3 t = 1.4, P<0.2, NS 
- shortest side (cm) 8.8 ± 1.3, n = 11 11 ±2.5, n =3 t = 0.7, P<0.5, NS 
Burrows Entrances-longest side (cm) 11±10 11±10 t = 0.2, P<0.9, NS 
- shortest side (cm) 8.0±1 7.0±1 t = 0.6, P<0.6, NS 
[bothn =4] [bothn=3] 
Den use 
Female D. hallucatus move to new dens every night for most of the 
year and even during the nursery period continue to shift regularly. 
Females use each den significantly more often during the early nursery 
period in September (4.1±0.3 days, n = 22) than in all other months of the 
year (ranging from 1.0 ± 0.5 days, n = 8 (December) to 1.9 ± 0.3 days, n = 31 
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(October); Fn,339 = 6.1, P < 0.0001; Fig. 6a). The maximum number of days 
any den was used in one month was during the nursery period; 23 days in 
September and 8 days in October. 
Females also re-used the same den more often on successive days 
during September than the rest of the year (X2 = 118.8, d.f. = 10, P < 0.0001; 
Fig. 6b ). The maximum number of consecutive days a den was recorded 
being used in the early and late nursery periods was 15 (September) and 6 
(October) days respectively although these are probably underestimates since 
radio-tracking was not carried out every day. 
The mean distance between successive dens used by adult females 
was greatest during January-April and least during May-December (F5, 242 = 
8.8, P < 0.0001; Fig. 7). 
Re-use of nursery dens 
Although some logs, rock crevices, termite mounds and burrows 
were used as nursery dens in more than one consecutive year, live and dead 
tree nursery dens were never observed to be used in more than one nursery 
period (Table 2). However, no den type was particularly more likely to be re-
used as a nursery den by the same female or different females in two 
successive years than other den types (X2 = 8.9, d.f. = 5, P < 0.25). Nursery 
dens were only re-used by a second individual after the original occupant 
had died. 
Nesting behaviour 
Mothers began to accumulate nesting material in a selected den a few 
days before the young were deposited in mid-late August. A complete 
account of each female's nest building was not obtaine~ as many den~ did 
not allow observation without disturbance of the den or disruption of the 
female's behaviour. However, during the 1993 and 1994 breeding season, 
some opportunistic observations of nesting were gained for five females. 
Nesting material utilised appeared to reflect availability in the immediate 
area, including dry stems of Sorghum spp. and other unidentified grasses; 
dead leaves of Eucalyptus spp., Erythrophleum chlorostachys, Grevillea 
decurrens and Petalostigma quadriloculare; and stems and fronds of the 
palms Livistona inermis and L. humilis. On one occasion, the prickly stalk 
of a L. humilis frond was left inside (and parallel to) a narrow entrance 
tunnel. The nests ranged from a bed of leaves and grass about 2cm thick 
entirely covering the chamber floor (an area of about 35cm x lOcm in a 
termite mound) to an entire cavity full of dry grass at the base of a tree. Nest 
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Table 2. Re-use of nursery dens in relation to den type. lf/lyr =used by one female during one 
- nursery period. lf /2yrs =used by one female as a nursery den in two consecutive years. 2f/2yrs 
= used by two different females as nursery dens in two consecutive years. 
Percentage of all dens of each type 
Nursery dens Non-nursery dens Total number 
lf/lyr lf/2yrs 2f/2yrs of dens 
Live trees 28 0 0 72 74 
Dead trees 20 0 0 80 15 
Logs 7 2 0 91 42 
Rock crevices 29 1 3 67 77 
Termite mounds 59 9 9 23 22 
Burrows 43 14 0 43 7 
building was observed as late as four weeks after deposition of the young in 
the den (13 weeks old). At this stage the young are fully furred and mobile. 
At seven weeks after deposition (16 weeks old), no nesting material was 
observed in a nursery den whose interior was visible using a torch. There 
was no evidence of nest building by females at other times of year. 
Maternal attendance 
The 'stagwatching' technique was unsuccessful because quolls would 
not emerge with an observer nearby. Although on one occasion an 
individual looked out of its hollow before retreating again, usually no 
activity was witnessed. Radio-tracking confirmed that they were still present 
immediately after the session and that by the following day they had moved 
dens and thus were still alive. 
Subsequently, an automatic radio-telemetry recorder was used to 
monitor the time of emergence, return, and the pattern of maternal 
attendance at the den from August to early November (Fig. 8). Two females 
were successfully monitored during 21 and 27 nights respectively. Of this 
total of 48 nights, mothers shifted dens on 17 nights. Thus only 31 nights 
could be examined for visitation patterns and return time. During this 
period, females were never radio-tracked to a location outside a den during 
the day. 
Emergence was very predictable with the females leaving the den at 
dusk at a mean time of 1853h ± 10 minutes s.d. each evening (n = 48; Central 
Standard Time, 24-hour notation). This departure was after sunset which 
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ranges from 1830 (August) to 1840 (November, at Oenpelli, the nearest town 
for which data are available, McAlpine 1973). There was no significant 
difference in emergence time between the early and late nursery period. 
Although the number of visits during each night ranged from 0-4, mothers 
usually returned only once (mean 1.3 ± 0.7 s.d., n = 31) and remained in the 
den for periods ranging from less than 30 minutes to 3 hours. On one 
occasion in October, a female returned at the peak of an electrical storm and 
then ventured out again when it was over. Visits of less than 15 minutes 
may not have been detected by the automatic recorder. The duration of each 
visit decreased significantly from a mean of 51 minutes (± 6.0 s.e., n = 31) 
during the early nursery period to 30 minutes (± 7.3, n = 21; t = 3, P < 0.05; 
Fig. 9) during the late nursery period. The mean maximum continuous 
period that the young were alone each night was 5.5 hours(± 1.4 s.d., n = 31). 
The longest continuous period that a litter appeared to be unattended was 
11.5 hours. This occurred in late October when the litter was approximately 
19 weeks old and had just begun foraging in the vicinity of the den. 
When the mothers shifted dens; on 59% of nights they moved at 
dusk with no revisits to the initial den, on 29% they shifted the young after 
the first visit, on 6% they shifted after the second visit and on 6% they 
shifted after the fourth. As a result, the mean time of departure when 
shifting dens was 2120h (± 3.4 s.d., n = 17). It appeared that mothers moving 
young do not forage as they were never trapped during this process. 
Mothers during the nesting phase often had large bare patches on both 
haunches presumably from large youngsters hanging on. The mean final 
return time was around dawn at 0557h ± 34 minutes s.d. (n = 31). Sunrise 
varies from 0650 (August) to 0600 (November at Oenpelli, McAlpine 1973). 
On one occasion during late lactation (3 November), a mother was 
visible in a termite mound den during the day without her young. The 
following day she was located in a different den where there were fresh 
juvenile scats outside, and was subsequently recorded visiting the den for 
an extended period during the night so the young had not yet been 
abandoned. Mothers were monitored continuing to visit their offspring in 
nursery dens until early November. The young first become trappable in 
mid-November. The last date that a juvenile was recorded at a mother's den 
was 2 December, both in 1993 (a male) and 1994 (a female). 
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Scat deposition at den entrances 
A peak in the frequency of scat deposition at den entrances occurred 
during early November (x2 = 75.5, d.f. = 11, P < 0.0001), when young are 
beginning to forage in the vicinity of the nursery den (Fig. lOa). It could be 
argued that this trend is an artefact of the greater use of dens where scats are 
more easily observed and collected (e.g. termite mounds) at this time of 
year. However, the trend is still apparent when termite mounds are 
considered separately, with fresh scats only recorded outside them in 
November (Fig. lOb ). Adult scats were often accompanied by juvenile scats, 
recognisable by their distinctly smaller diameter. When juvenile scats were 
first observed (in late October) they contained insect chitin. The mothers 
continue to lactate until mid-December so weaning appears to be gradual 
over about 6-7 weeks (see Growth and Development chapter). 
Concealment 
Females were visible in their dens during the day on significantly less 
occasions during the nursery denning period (0%) compared with the rest of 
the year (4.5%, xz = 15.6, d.f. = 1, P < 0.0001; Fig. 11). In addition to denning 
positions, 5 locations were obtained where females were moving or 
sheltering in grass during the day. Females were most visible between 
February and June each year (Fig. 11). They are exposed less often when they 
are carrying pouch young from mid-June to mid-August. Dens used during 
most of the nursery period (August to October) provided complete 
concealment during the day. 
Discussion 
Maternal behaviour 
D. hallucatus is similar to many dasyurids in the basic pattern of 
maternal care; the mother carries the young initially in the pouch and later 
leaves them in a nursery den whilst she forages (Russell 1982). 
D. hallucatus is also similar to dasyurid species such as Sminthopsis 
crassicaudata and Antechinus stuartii which generally den alone to raise 
young (Morton 1978; Cockburn and Lazenby-Cohen 1992). D. hallucatus 
young are first deposited in a nursery den at about 8-9 weeks of age in mid-
August. Nests of grass and leaves are constructed for the first month after 
deposition. The nests appear to be similar to the grass and bark beds of 
D. viverrinus (Fleay 1935), and the leaf chambers of D. geoffroii (Serena and 
Soderquist 1989) but not nearly as elaborate as the woven bark spherical 
nests with a core of fur and feathers constructed by Phascogale tapoatafa 
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sheltering in Sorghum spp. during the day. 
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(Cuttle 1978, see Russell 1982 for summary; Soderquist 1993). Each evening, 
female D. hallucatus were monitored leaving the nursery den promptly at 
dusk, around 1900h. Since the time of emergence was remarkably consistent 
across 48 evenings from late August to early November, there appeared to 
be no effect of phase of moon in contrast to the moonlight avoidance shown 
by some rodents such as Dipodomys merriami (Daly et al. 1992). Although 
foraging in moonlight may increase the risk of predation, vertebrate prey 
(which are an important dietary component during the nursery period, see 
Diet chapter) may also be more visible with increased light. The mothers 
generally returned to the nursery den only once during the night. The mean 
duration of each visit decreased as the young developed, as also occurs in 
Phascogale tapoatafa (Soderquist 1993). The mothers' final return time was 
usually just before dawn at about 0600h. When mothers moved young to a 
new nursery den, most shifted at dusk. Captive young were observed to 
travel clinging on to a mother's back in late September (M. Oakwood, pers. 
obs.) and this also has been observed in the wild (J. Cusack, pers. comm.). 
Females were never trapped with young even when the nursery den was 
completely encircled by traps, suggesting that they do not forage when 
carrying young. During a recent study of Phascogale tapoatafa, juveniles 
were only observed riding on their mother's back once when she moved 
her litter between nests (Soderquist 1993). 
Adult female scats were deposited at the den entrances 
predominantly in October-November. If the scats were markers to indicate 
territory to other females or merely to keep the interior of the den clean, 
surely they would be left earlier in late August/ early September when the 
young are first deposited in the den. Juvenile scats containing insect chitin 
were observed at den entrances from late October indicating that the young 
had begun foraging (as there is no evidence that dasyurid mothers bring 
solid food to their young e.g. P. tapoatafa, Soderquist 1993). This placement 
of scats may be to keep the interior of the den clean once the young are 
eating solid food or it may act as a recognition signal for the young quolls to 
relocate their current den after foraging forays. Although the scats may draw 
the attention of predators to the den, the activity of the juvenile quolls 
would probably be more conspicuous than the scats at this stage. In any case, 
the quolls shifted dens regularly by late October, staying no more than three 
consecutive days in any particular den. 
During late lactation, on one occasion a female was observed in a den 
during the day without her young although she was definitely still 
attending young over the next couple of days. This occasional avoidance 
behaviour has also been observed in A. stuartii (Cockburn and Lazenby-
Cohen 1992) and Phascogale tapoatafa (Soderquist 1993). 
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A few D. hallucatus nursery dens were occasionally used in 
consecutive years by the same mother or by a different mother if the 
original occupant had died. Nursery dens have also been found to be used 
in consecutive years by A. stuartii (Cockburn and Lazenby-Cohen 1992). 
Changes in habitat and den choice 
Female D. hallucatus shift from denning predominantly in the rocky 
hills most of the year to denning primarily in the open forest during the 
nursery period. This shift in habitat use may account for Braithwaite and 
Griffiths (1994, p. 212) assertion that "more breeding" occurs near creeklines 
(based on teat length), as the creeklines tended to be narrow strips of 
riparian vegetation surrounded by forest or woodland. During the period of 
non-lactation (shorter teats), females would be caught more often further 
away from creeks, near rocky hills. 
The previous chapter demonstrated that females were actually likely 
to live longer and therefore experience greater lifetime reproductive success 
if their home ranges contained a greater proportion of rocky habitat. This 
appears to be because most predation of foraging adults occurs in the forest 
(which has been extensively burnt by this time; see Reproduction and 
Demography chapter). There must be some benefit obtained from the shift 
to the forest for the nursery period which outweighs the increased risk of 
predation. There is no obvious nutritional advantage although perhaps 
vertebrates are easier to catch on the post-fire forest floor where the ground 
cover has largely been removed (Diet chapter). However, individuals could 
easily forage in the forest whilst denning in the hills. Although using the 
same den types for nursery dens as for non-nursery dens, with tree hollows 
and rock crevices still the most important, females were found to use 
significantly more termite mounds and fewer logs during the nursery 
period. This is not merely an artefact of the shift to the forest, as logs were 
more prevalent in this habitat. The change in den preference during the 
nursery period implies a shift in the primary function of dens. Termite 
mounds may be particularly suited to fulfilling this function and logs may 
be less suitable. 
Functions of nursery dens 
As discussed in the Den and Habitat Use chapter, dens may have 
several functions including a social role, protection from environmental 
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hazards, protection from predators and insulation to assist maintaining a 
constant body temperature. Although dens do not appear to play an 
important social role for adult D. hallucatus, they may be important to 
young who have just begun foraging for themselves as a place where they 
can be re-united with their mother during the gradual weaning process. 
Soderquist (1993) observed that young Phascogale tapoatafa in the process of 
weaning hunt by themselves but return to a nursery den. However, it could 
be expected that this possible role of meeting place could be fulfilled by any 
den type so why are termite mounds important at this stage and logs less 
important? 
There was a tendency for termite mound dens used as nursery dens 
to have narrower entrances than those used during the rest of the year but 
more data would be required to assess this. Perhaps there are fewer logs 
available with suitably small entrances? Small entrances could be chosen to 
protect the young from adverse environmental events, to exclude predators 
or to help maintain a stable temperature. Although female quolls were· 
occasionally visible in their dens from the entrance earlier in the year, they 
were always completely concealed during the nursery denning period from 
August to October. 
Since the early nursery denning period coincides with the late dry 
season, there is little necessity to protect the young from rain. The main 
environmental hazard at this time of year is fire. Fires started by lightning 
do not occur until October-December (pre-monsoon season) when 
thunderstorms begin with little accompanying rain. Early European 
explorers in the region recorded that fire was started by Aboriginals from 
mid-March to December (Braithwaite 1991), so only in the last 50 000 years 
or so would Northern Quolls be affected by fire in August- September when 
they first deposit their young in dens and shift to the forest habitat. Dens 
would provide protection from radiant heat, although some dens such as 
termite mounds and rocks would be safer than others such as the more 
flammable logs and tree hollows. But even tree hollows can provide 
protection as evidenced by a mother and her young that survived a late dry 
season fire by staying inside a hollow. However, if protection from natural 
late dry season fires was a primary evolutionary determinant of habitat and 
den use, females could be expected to return to the rocky hills (since rock 
fragments fire fronts and many fire-proof refuges are available) in October. 
when the lightning season begins. The trend for females to den more often 
in the forest during the nursery den stage would be unrelated to fire 
avoidance but the timing of the return to the rocky hills in late 
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October I early November roughly coincides with the period when natural 
fires may occur. This latter timing however, is most likely to be related to 
weaning and the cessation of use of nursery dens rather than fire. 
Nursery dens may play an important role in helping the highly 
altricial young to maintain body temperature during their mother's absence. 
Nest building in dens supports this view. Dasyurids from cooler climates 
such as A. stuartii and D. geoffroii build nests throughout the year (Settle 
and Croft 1982; Serena and Soderquist 1989). Female D. hallucatus, living in 
the warmer wet-dry tropics, only construct a grass and leaf nest during the 
nursery period, specifically the first month that the young are left in a den. 
Nightly temperatures during August/September fall to a minimum of 14oc 
(Jabiru 1991-1994, Bureau of Meteorology). When first left, the 8-9 week old 
young only have a fine covering of fur on their backs and like Phascogale 
tapoatafa (Soderquist 1993) are likely to be poikilothermic. Nest building 
ceases when the young are fully furred and mobile, at about 12 weeks old. 
The greater use of termite mounds as nursery dens may be for their 
insulating properties. Some larger species of varanid such a Varanus gouldii 
use termitaria to incubate their eggs because the termites regulate the 
temperature and humidity of the mound (Green and King 1993). However, 
D. hallucatus continues to use other den types as nursery dens as well, so 
they must also provide adequate insulation. Could logs be less suitable for 
insulation than the other den types? This seems unlikely as many were 
lined with termite debris and quolls tended to only use those with few 
cracks and little decay. 
Nocturnal predators of D. hallucatus include dingoes, feral cats, 
snakes and owls (see Reproduction and Demography chapter). Mortality of 
young D. hallucatus is high during the denning stage; _although it seems 
likely that the main cause is predation, it is unclear whether this mainly 
occurs in the den or during transit between dens. The only record of a quoll 
predator within a den was an Olive Python (Liasis olivaceus) in a termite 
mound; however, it was unknown whether the snake captured the quoll 
within the mound or outside. This termite mound had a large entrance. 
Small entrances would minimise predation within dens by excluding all 
predators except snakes. Although tree hollows would probably provide 
better protection from predators, perhaps the young would be more 
vulnerable during the exposed climb up the trunk whereas dens on the 
ground can be approached under vegetation. Although assisting 
thermoregulation of young, perhaps the primary role of nursery dens 
chosen by female D. hallucatus is protection from nocturnal predators. The 
shift to the forest habitat may be to use termite mounds as nursery dens, 
however the advantages of termite mounds compared to logs remains 
obscure. 
Why shift nursery dens so often? 
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Although regular den shifting by dasyurids is common for most of 
the year, many species such as D. viverrinus, Phascogale tapoatafa and 
Antechinus stuartii generally use only one nursery den (Godsell 1983; 
Lazenby-Cohen 1991; Soderquist 1993). In contrast, D. hallucatus continues 
to shift dens during the nursery denning stage, using each den on average 4 
days in September. The advantages of shifting must outweigh the risk of 
predation that the young are exposed to during the move, in addition to the 
extra energy expended moving the young and constructing a new nest. 
Possible reasons for shifting include convenience (denning where foraging 
finishes), access to new food resources, territory maintenance, prevention of 
parasite build-up /hygiene and avoidance of conspecific infanticide or sit-
and-wait predators. 
Although denning wherever foraging finishes each night may be 
efficient at most times of year, during the nursery period it is not possible. 
D. hallucatus mothers, like P. tapoatafa (Soderquist 1993) do not appear to 
forage with their young. This means that D. hallucatus mothers have to 
return to the nursery den in order to move their young to another den. 
Shifting is therefore unlikely to be for convenience as extra energy is 
expended rather than conserved. 
D. hallucatus are dietary generalists (see Diet chapter) so it seems 
unlikely that den shifts are to gain proximity to concentrated areas of food 
resources. If access to different areas of the range is req?ired to gain adequate 
intake, mothers are absent from the nursery den for up to 5 hours each trip, 
which would give them ample time to visit any area of their home range. 
Since the distance between successive dens is minimal during the 
nursery period, it appears unlikely that den shifting at this time is to 
establish a presence across the territory to advertise its occupation, 
particularly since this is also the period of lowest population density (see 
Reproduction and Demography chapter). 
Avoidance of ectoparasite build-up may be a factor in the continued 
frequent shifting of dens during the nursery period, particularly since this is 
the only time of year that D. hallucatus gathers nest material. However, 
fleas do not appear to be important (see Den use chapter), ticks were rarely 
observed and mites were absent on females at this time of year. 
Consequently, ectoparasites are unlikely to be the primary reason for 
shifting during the nursery period. 
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Although regular shifting to new nursery dens could be to avoid 
conspecific infanticide, this is inconsistent with the behaviour of other 
congeners, e.g. D. viverrinus (Godsell 1983) which generally use only one 
nursery den for the entire nursery period making detection by an intruder 
quite likely. The following chapter (Spatial Organisation) will address the 
possible role of infanticide in the defence of nursery dens (since all Dasyurus 
mothers possess exclusive nursery dens). 
When mother D. hallucatus were trapped at a nursery den, they 
always immediately moved young to another den even if effort had gone 
into nest building at the first. This reaction to disturbance suggests that one 
function of regular shifts may be predator avoidance. Nest shift caused by 
disturbance has also been recorded in bettongs (Wallis et al. 1989). 
Relocation of litters, presumably to avoid predators has been recorded in 
Arctic foxes (Garrott and Eberhardt 1982; Prestrud 1992). Tengmalm's owl 
clutches had a higher probability of being preyed upon if using a nest hole 
where a previous clutch had been taken, as the predator appeared to be 
remembering and re-visiting the holes (Sonerud 1985). For D. hallucatus, 
the distance between successive dens is minimal at this time of year. Short 
moves may minimise energy expenditure and predation risk during the 
move, while still achieving the aim of occupying a den unknown to 
predators. Why do other dasyurids such as D. viverrinus not shift nursery 
dens? Although suitable dens may be limiting in higher density 
populations such as D. viverrinus (Godsell 1983), even in lower density 
populations of larger dasyurids (e.g. D. geoffroii and, P. tapoatafa), nursery 
den shifting is rare or absent (Serena and Soderquist 1989; Soderquist 1993). 
If shifting of nursery dens is to avoid predators, there may be less need in 
southern climates; ambush predators such as pythons are either absent 
(Tasmania), or less common in cooler climates than in the tropics (Shine 
1991). Regular den shifting by D. hallucatus in the wet-dry tropics may be to 
avoid detection by the abundant pythons. Although only one definite record 
of predation by a python was obtained in this study, there are four species of 
python in the area that are likely to prey on juvenile quolls; Carpet python 
(Morelia spilota), Olive python (Liasis olivaceus), Water python (L. fuscus), 
and Children's python (L. childreni). In Queensland, at the northern tip of 
Cape York, an Amethystine python (Morelia amethystina) has been 
recorded consuming a Northern Quoll (Lowe 1989) and the same species of 
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python has been observed coiled around a trap containing D. hallucatus at 
the Atherton Tablefand (L. Pope, pers. comm.). 
Dens that were used solely by adults for resting during the day (Den 
and Habitat Use chapter) are likely to provide relief from the heat and some 
protection from fire but more importantly, cover from diurnal predators 
such as kites and dingoes. Although the same den types were used as 
nursery dens, more termite mounds and less logs were used. This is not 
merely a function of the shift from rocky to forest habitat, as logs as well as 
termite mounds are more common in the latter. The change in use of den 
types during the nursery period indicates a shift in their primary function. 
Nursery dens, with their enclosed nests, are likely to play a role in assistance 
of temperature maintenance of the altricial young during their mothers' 
absence. The complete concealment of the occupants in nursery dens, in 
conjunction with the regular den shifts during the nursery period, suggests 
that the primary role of dens at this stage may be protection from nocturnal 
predators, particularly ambush predators such as the abundant pythons. 
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Chapter 8 
The spatial and social organisation of a carnivorous 
marsupial, the Northern Quoll (Dasyurus hallucatus) 
To be submitted to the Journal of Zoology (London) 
The spatial and social organisation of a carnivorous marsupial, the 
Northern Quoll (Dasyurus hallucatus). 
Abstract 
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Dasyurus hallucatus is a sexually dimorphic carnivorous marsupial 
found in northern Australia. Despite males weighing up to 1120g, in at least 
some populations all males die after mating. Radio-tracking and live-
trapping at a lowland savanna site in Kakadu National Park indicated that 
females occupied home ranges averaging 35 hectares with intra-sexually 
exclusive denning areas. There was some overlap of foraging ranges when 
the density was 3-4 females/km2, but no overlap during periods of lower 
population density (1-2 females/km2), or when young were left in nursery 
dens. This decrease in overlap during late lactation resulted from both a 
shift in habitat from the rocky hills (which are favoured for the rest of the 
year) to the more extensive open forest, and from a reduction in range size. 
There was some evidence that male home range size may be similar to 
females prior to the mating season, but expand during the mating season to 
over 100 hectares to overlap extensively with several female ranges and 
numerous other male ranges. Despite this range overlap, both sexes were 
solitary. Even during the mating period, males denned on average 0.27km 
from females during the day. During the mating period, each female was 
visited by at least one-four males per night. During this period, the increase 
in scat deposition in prominent positions in the landscape and the 
simultaneous increase in sternal gland activity of the males indicates the 
importance of olfactory communication to advertise the presence an?, 
sexual status of individuals. Males adopted a roving strategy, regularly 
visiting several widely spaced females in rapid succession, presumably to 
monitor the onset of oestrus. This intense physical effort during the mating 
period is likely to be a major contributor to males' physiological decline and 
subsequent die-off after the mating period. The marked sexual dimorphism 
of D. hallucatus may be the result of selection for larger, wider ranging 
males in a promiscuous mating system and for energetically efficient 
smaller females, as females rear the young alone. 
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Introduction 
Social systems in mammals- are profoundly influenced by the 
dispersion of food and mates: these factors affect the sexes differently 
(Trivers 1972; Emlen and Oring 1977; Clutton-Brock and Harvey 1978; Lee 
and Cockburn 1985; Clutton-Brock 1989). Due to the energy required for 
gestation and lactation and the inability of males to contribute to these 
elements of rearing young, female strategies are focused on the acquisition 
of food and the best breeding site. Males, by contrast, are focused on access to 
females. The female choice of sites with the necessary resources for breeding 
determines whether breeding is solitary or gregarious (Wittenberger 1979). 
Exclusive female ranges are expected when food sources are sparse, or are 
spatially or temporally patchy (Waser 1981; Ostfeld 1985, 1990; Grant et al. 
1992). The resulting dispersion of females affects the degree to which males 
can monopolise several females, and hence influences the mating system 
(Clutton-Brock and Harvey 1978; Lee and Cockburn 1985). 
Dasyurids can show extreme sexual dimorphism (Strahan 1995). 
Radio-tracking studies that have been conducted on the social and spatial 
organisation of wild populations of dasyurids, have revealed considerable 
variability between species, and demonstrated that social and mating 
systems cannot be inferred from trapping studies. Antechinus stuartii has 
been found to nest communally both in the non-breeding season and 
throughout the short mating season that culminates in the death of all 
males (Lazenby-Cohen and Cockburn 1988; Cockburn and Lazenby-Cohen 
1992). Both males and females have overlapping foraging ranges, but will 
also make long forays beyond this foraging range to join communal 
aggregations (Lazenby-Cohen 1991; Lazenby-Cohen and Cockburn 1991). The 
considerably larger Dasyurus viverrinus live solitarily,_ but also have 
extensively overlapping home ranges for both sexes (Godsell 1983). 
Phascogale tapoatafa and Dasyurus geoffroii are also solitary but have 
exclusive female ranges, while the larger male ranges overlap with several 
females as well as several other males (Serena and Soderquist 1989; 
Soderquist 1995). 
The Northern Quoll, Dasyurus hallucatus is the smallest Australian 
Dasyurus. This species is sexually dimorphic with the larger males weighing 
on average 760g and the females 460g (see Growth and Development 
chapter). Around the time of European settlement, it was distributed across 
northern Australia but has now declined to several disjunct populations 
(Braithwaite and Griffiths 1994). D. hallucatus occupies a variety of habitats 
but is most common on dissected rocky plateaux and in open forest of 
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lowland savanna, the savanna being where most of the decline has 
occurred. D. hallucatus dens in tree hollows, rock crevices, logs, termite 
mounds and goanna burrows (see Den and Habitat Use chapter). This 
species is essentially nocturnal, and primarily insectivorous although it also 
consumes mammals, birds, frogs, reptiles and fleshy fruits when they are 
available (Diet chapter). Mating is synchronous (late May-June) and at this 
study site all males die after the mating season. Complete male post-mating 
die-off also occurs in Phascogale spp. and Antechinus spp, but not in the 
other Australian Dasyurus spp. (unknown for the two New Guinean 
species). Consequently, female D. hallucatus rear the young alone. The 
young spend approximately 2 months in the pouch and are then left in a 
succession of nursery dens for the next 2.5 months for periods at night 
whilst the mother forages (Maternal Behaviour chapter). 
The social and spatial organisation of D. hallucatus are poorly known, 
as existing descriptions of the movement, spatial organisation and mating 
system of this species have been based on 1) trapping studies (Begg 1981; 
Schmitt et. al. 1989; Braithwaite and Griffiths 1994) which are severely 
limited by grid size and layout and may lead to questionable interpretations 
of social strategies (Lazenby-Cohen and Cockburn 1988) and 2) a short term 
radio-tracking study (2 months) which aimed to examine the effects of 1080 
bait on Northern Quolls in the stony country of the Pilbara, Western 
Australia (King 1989). In this current study, radio-telemetry was conducted 
for two years to determine the social and spatial organisation, and to 
attempt to ascertain the mating system of a population of D. hallucatus in 
an area of lowland savanna, the habitat type from which the species is 
declining. 
Methods 
Study site 
This research was conducted at Kapalga Research Station (12043'S, 
132025'E) between November 1992 and February 1995. This area is located 
approximately 200km east of Darwin in Kakadu National Park in the 
Northern Territory. The climate is monsoonal with distinct wet and dry 
seasons. The average annual rainfall at Naramu camp, Kapalga is about 
1200mm (Gill et al. 1996) with most falling between December and March. 
June-September are the driest months. The temperature is constantly high 
with mean monthly maxima ranging between 31-370C (Jabiru, Bureau of 
Meteorology). 
The study site was categorised into four main habitats: open forest 
(Eucalyptus tefrodonta, E. miniata), plains woodland (E. tetrodonta, 
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E. tectifica, Erythrophleum chlorostachys); woodland on rocky quartzite hills 
with a maximum altitude of 77m (Eucalyptus setosa, E. bleeseri), and a 
narrow riparian strip (with occasional Melaleuca viridiflora and 
Pandanus spiralis) around a small seasonally flowing freshwater creek. The 
understorey was dominated by annual grasses of Sorghum spp. which grow 
up to 3m tall before drying out and being burnt in most years. The skeletal 
soils of the woodland and rocky hills were gravelly and well-drained while 
the deeper soils near the creek and in the open forest contained more clay 
and organic matter. 
Trapping 
The main trapping grid (predominantly using wire cage traps) 
covered 22.5 hectares in 1992-1993 and 35 hectares in 1994-1995. Trap lines 
were lOOm apart, traps were spaced at 50m intervals along these lines during 
1992-1993 and lOOm intervals during 1994-1995 (see Growth and 
Development chapter). Occasional additional trapping at occupied dens 
(located by radio-tracking) was conducted during the mating season to 
determine the number and identities of males visiting females and also to 
determine when mating had occurred (by the presence of mating bites on 
the shoulders of the females). During the 1994 mating season, the backs and 
flanks of two females were dusted with different coloured fluorescent 
powder (Flare Pigments; Sterling Industrial Colours Ltd, London, England) 
to attempt to determine which males mated with them (Dickman 1988). 
Radio-tracking techniques 
Radio-collars with whip aerials (Sirtrack, NZ) were fitted to 14 female 
and 20 male quolls for 1-266 days. Details of transmitter attachment are 
provided in the Den and Habitat use chapter. An attempt to radio-track 
during the wet season ceased when the extremely hot and humid 
conditions caused infection on the quolls' necks under the collars. 
Consequently tracking could only be conducted between March and 
December so seasonal variation in home range size between the wet and dry 
season could not be examined. Less data were obtained for males than 
females due to the former frequently travelling beyond radio-tracking range, 
removing their collars, and their short life-span. 
Quolls were located during the day in their dens using a Telonics TR2 
receiver and a hand-held 2-element antennae. Since D. hallucatus did not 
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appear to shift dens during the day (n = 48 located in morning and 
rechecked late afternoon) den locations were only recorded once daily. As 
individuals are able to traverse their entire range in a night, auto 
correlation of consecutive locations should not be a problem. Dens located 
in or within lOOm of the trapping grid were measured to the nearest grid 
point. More distant dens were either measured to a notable landscape 
feature (e.g. to junction of firebreak and creek) or positioned with an 
ENSIGN Global Positioning System. Nocturnal fixes were not obtained (see 
Den and Habitat use chapter for details). 
Home range analyses 
Home range size was determined using McP AAL (Stuwe and 
Blohowiak 1992). A grid trap home range, denning home range, and a total 
home range comprising all positions were estimated for each individual 
that had three or more locations recorded in each category. Trap locations, 
locations where individuals were found moving during the day, lost collar 
positions and death sites (apart from one instance in a den) were considered 
to represent areas of foraging. Total home ranges were estimated using two 
methods; minimum convex polygons (MCPs; Mohr 1947) and harmonic 
means (Dixon and Chapman 1980). Despite the limitations of MCPs, which 
are strongly affected by outliers, include areas that are not used by the 
animal, and give no indication of the intensity of range use, it is still the 
only technique that is comparable between studies (Harris et al. 1990). 
Although the Harmonic mean method is less comparable between studies 
due to use of different grid cell sizes and algorithms (Harris et al. 1990), it 
has the advantage of estimating the centre of activity by calculating an 
isopleth which contains the designated proportion of fixes (e.g. 70% and 95% 
in this study). Adequate representations of an individuals home range size 
were considered to be reached when on average 1 % or less increase in range 
size (MCP's) occurred over 4 consecutive locations (Odum and Kuenzler 
1955; Serena and Soderquist 1989). All means are reported± one standard 
error. 
Communication by olfaction -
Behavioural observations were carried out on captive D. hallucatus 
to investigate the possible role of scent-marking in spatial organisation, and 
intra-annual variation in sternal gland activity and scat deposition of wild 
D. hallucatus was monitored. 
An adult female with seven young that had been in captivity since 
the pouch stage, was obtained from a foster-carer in October f992 (Growth 
and Development chapter). The young were still sucking in addition to 
foraging for themselves. The quolls were observed for scent-marking 
behaviour, and presented with a foreign faecal pellet to record their 
reaction. They were released in late November 1992. Juveniles usually 
disperse in December. 
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Sternal glands were examined on road-killed quolls and scored for 
active secretion, indicated by yellow staining of the surrounding fur. Fresh 
road-killed D. hallucatus were collected from the Arnhem Highway in 
Kakadu National Park between February 1993 - May 1995 (Reproduction and 
Demography chapter). Trapped quolls were not monitored as they exhibit 
stress when held in the body position required to examine this glandular 
area. 
To monitor scat deposition, ten prominent rocky sites known to have 
previously been used for deposition by D. hallucatus were selected; two were 
within the trapping grid, two were within lOOm of the grid, two were within 
lkm of the grid, the other four were between 17-22km north-west of the grid 
(the nearest easily accessible rocky areas on Kapalga). They were all visited 
on the same day, once/month from February 1994 - January 1995 and 
searched for scats. 
Results 
Movement and home range 
Six hundred and fifty eight radio-locations were obtained for 
D. hallucatus giving a total of 302 different dens in addition to 15 death 
positions, 16 occasions of moving during the day and 8 lost collar positions. 
In combination with trapping, between 3 and 67 different locations were 
obtained for each individual. As expected, the total home range size was 
positively correlated with the number of locations gained (Fig. 1). Home 
range data for the 15 quolls for whom three or more different den locations 
were obtained are given in Table 1. In this study, an asymptotic 
approximation of the home range size was obtained for six females (Table 1), 
but no males reached asymptotes. For these six females, 28 or more different 
locations were required to satisfy Odum and Kuenzlers' (1955) criteria of 
adequate representation and the mean total home range (MCP) obtained 
was 35ha (± 8), with the maximum being 66ha. Each of these females' 
......... 
ro 
..c 
-(]) 
O> 
c 
ro 
:i... 
(]) 
E 
0 
I 
ro 
-0 I-
160 
Males D 
D 
120 
D 
80 
D 
D • 
ODD Females 
OJ 
• 40 D • • • • D 
• 
0 • 
0 20 40 60 80 
Number of different locations 
Fig. 1. The total home range estimated using minimum 
convex polygons for each radio-tracked individual 
D. hallucatus in relation to the fotal number of different 
locations obtained. 
226 
Table 1. Home range data for seven females (all with~ 20 different dens), and eight males for whom a denning range was able to be estimated (~ 3 
different dens). "F" preceding the identification number= female, "M"= male. "Other positions" includes traps off the grid, moving, lost collar 
positions and death positions. * denotes asymptotic home ranges, all male home ranges are underestimates. Female 7121's total range appeared to be 
asymptotic until the last location, shortly before she died, when it increased by nearly 50%. Female 7132 ranged adjacent to the grid but was never 
caught within it. 
Minimum Convex Polygon 
Animal Number Number Number Total Number Number TOTAL Trap Den TOTAL 
times different days radio different 
grid grid trap radio- locations dens 
d locations collared 
F7111 29 16 154 105 35 
F7121 14 9 60 32 20 
F7125 22 11 69 51 28 
F7129 18 11 266 128 55 
F7132 0 0 99 71 26 
F7140 13 9 245 102 46 
F1860 15 11 176 63 33 
M7207 16 13 40 18 15 
' 
M7227 1 1 18 13 8 
M7230 3 3 16 6 3 
M7231 1 1 12 4 4 
M7232 1 1 8 5 3 
M7244 3 3 28 7 5 
M7246 1 1 56 16 11 
M7247 2 2 48 9 5 
other number Home 
positions different Range 
locations (ha) 
1 52 12.3 
5 34 9.6 
2 41 4.0 
1 67 12.9 
2 28 -
1 56 17.5 
3 47 18.7 
Home 
Range 
(ha) 
23.8 
13.5 
26.9 
25.7 
11.8 
37.0 
52.8 
Home 
Range 
(ha) 
27.1* 
35.1 
27.4* 
31.9* 
11.8* 
43.6* 
66.4* 
Mean± s.e. 12.5±2.2 27.3±5.3 34.8±6.4 
6 34 17.8 102.5 152.6 
0 9 - 44 75.5 
3 9 0.5 2.5 115.5 
1 6 - 20 26.3 
3 7 - -5 52.8 
1 9 0.4 48 53 
4 16 - 80.5 133.5 
3 10 - 32.5 63.9 
Mean± s.e. 6.2±5.8 41.9±12 84.1±16 
Harmonic mean 
TOTAL 
95% 
isopleth 
(ha) 
23.9 
35.8 
25.9 
31.9 
9.2 
33.1 
70.5 
70% 
isopleth 
(ha) 
6.1 
7.7 
6.6 
6.9 
1.9 
9.3 
8.7 
32.9±7.1 6.7±0.9 
173.2 43.8 
17.2 2.1 
18.4 8.2 
5.7 1.2 
5.9 2.0 
9.0 4.6 
92.8 53.0 
18.5 6.9 
42.6±21 15.2±7.3 
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denning home ranges comprised 79 - 100% of their total home range (Table 
1). There is a possibility that the total home ranges are underestimates since 
nocturnal foraging fixes were not obtained, however if D. hallucatus dens 
wherever foraging finishes each night for most of the year (Den and Habitat 
Use chapter), then these ranges are likely to be reasonable approximations. 
Although the heaviest female had the largest total range, she appeared to be 
an outlier, her range was large due to her denning areas being located 
primarily at three disjunct rocky hills. There was no apparent relation 
between weight and home range size amongst the remaining females. 
For the six males for whom the greatest number of locations were 
obtained (most during the mating season), the mean total home range 
(MCP) estimated was 99ha (± 17), with the maximum being 153ha. However, 
this mean is likely to be a vast underestimate as asymptotes were not 
reached for any individual and males often moved out of radio-tracking 
range. This tendency for males to travel out of range has also been described 
for D. geoffroii (Serena and Soderquist 1989). Only one male was radio-
tracked long enough to be able to compare pre-mating period to mating 
period home range size. His home range increased dramatically from 29ha 
in March-April (n = 15 locations) to 118ha in May-June (n = 15). 
For both sexes of D. hallucatus combined (n = 9; 6 females and 3 
males; Table 1), mean home ranges based on grid trap positions (10 ± lOha) 
significantly underestimated the area that was determined from radio-
tracking (61 ± lOha; t paired= 3.42, P = 0.003). 
Previous authors have used mean distance between successive 
captures on trapping grids or parallel lines (enclosing areas of 1.5ha (Begg 
1981); 1.8ha (Schmitt et al. 1989); 45ha & Sha (Braithwaite and Griffiths 1994) 
as an index of movement for D. hallucatus. In this study, there was no 
significant difference between the overall mean distance between successive 
captures for males (190 ± 20m, n = 52) and females (199 ± 12m, n = 131; 
t = 0.38, d.f. = 181, P > 0.5). Thus this index failed to detect the substantially 
larger movements of the males determined by radio-tracking. When the 
maximum movement between trap locations on my grid was considered, 
the values of 7 40m for a female and 535m for a male gave a false impression 
of their differential movement. When the grid was expanded from 22.5ha to 
35 ha, the values increased significantly for both sexes from 168m (± 118, 
n = 95) to 279m (± 183, n = 36; t = 4.08, d.f. = 129, P < 0.0001) for females and 
from 176m (± 19, n = 47) to 319m (± 57, n = 5; t = 2.37, d.f. = 50, P < 0.02) for 
males. This demonstrates that mean distances obtained between successive 
captures are constrained even by a relatively large grid due to failure to 
encompass home ranges. 
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Radio-tracking revealed that the mean distance between consecutive 
dens for males peaks at 0.91km (± 71, n = 43) in the mating season (F2,74 = 4.7, 
P < 0.01; Fig. 2). In contrast, the mean distance between dens used by females 
was greater in January-February than during the three bimonthly periods 
from July to December (Fs, 369 = 6.0, P < 0.0001; Fig. 2). The maximum 
distance recorded between successive dens was 2.lkm for a male and l.2km 
for a female. 
Spatial organisation 
At higher densities (e.g. 3-4 adult females/km2, see Density section 
below), adult female D. hallucatus tend to have mutually exclusive denning 
areas although foraging areas partially overlapped (Fig. 3). At lower 
densities there was no overlap. Due to the rapid turnover of females at the 
site, specific groups of neighbours were only present between 1-8 months. 
As ranges of remaining resident females shift shape when a neighbour dies, 
and new females may take advantage of the vacated space, spatial 
organisation of a group can only be portrayed for short periods of time. 
Rocky habitat was always taken over by another female. In contrast, other 
areas (in forest, woodland or near the creek), appeared not to be utilised by 
any individual at times of low population density. Overall, of the total area 
(foraging and denning) occupied by females within the grid.and lOOm 
surrounds, a mean of 20% of the area was used by two females (overlap) and 
80% was used by only one female. For the group of neighbouring females 
(three) that were present simultaneously for the longest period of time 
(April-December 1994), variation in home range size and overlap was 
examined for three life history periods; mating/pregnancy, pouch young 
and young left in den (Fig. 4). Although there was some overlap during the 
first two periods (particularly for the kin), no overlap was detected during 
the young in den phase. This was not a function of a lesser number of 
locations for the latter period, as there was no significant difference between 
the number of locations obtained for the three periods. Although this 
decrease in overlap may have been enhanced by a decrease in range size, it 
was largely the result of shift in habitat use from the rocky hills (favoured 
for the rest of the year) to the more extensive open forest (Maternal 
Behaviour chapter). 
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Fig. 4. Home range overlap of three neighbouring female 
D. hallucatus (X, Y, Z) during different phases of the 
reproductive cycle; a) prior to birth, b) pouch young and c) 
young left in den. Shaded areas represent denning areas 
within each range. The area of overlap is centred on the 
tallest rocky hill at the study site. Females X and Y may be 
kin. 
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Young females were first recorded in areas that subsequently became 
their home range between January and May (n = 4). Of these, one occupied a 
vacant range, but she only survived three months. The other three settled 
in areas already occupied by older females, in two of these cases the older 
females (20 and 25 months old) died within 2 months leaving the youngster 
as the sole occupant. In the third case, considerable overlap (mainly in rocky 
habitat; Fig. 4; Females X and Y) occurred for 4 months including occasional 
sequential use of dens and the only recorded instance of den sharing in this 
study. This pair may have been mother and daughter. If this probable pair of 
kin are excluded from the overlap estimation above, then only 11 % of the 
area occupied by females within the grid and lOOm surrounds, was used by 
two females, the remaining 89% had a sole occupant. 
During April-June, male denning areas overlapped extensively with 
several other males (Fig. 3) and with several females. Of the area occupied 
by males within the grid and lOOm surrounds, 31 % was shared by 2-4 males 
and 32% overlapped with females. Because of their wide ranging behaviour, 
most locations were in the woodland and forest habitats (Den and Habitat 
Use chapter). There was some indication that male range may overlap less 
with other individuals prior to the breeding season due to their smaller size 
at this time (see above). 
Social organisation 
D. hallucatus was solitary with adult females usually denning in 
mutually exclusive denning areas, on average 0.53km (± 0.02, n = 233) from 
their female neighbours' den on any one day. There was a dramatic increase 
in the distance between neighbouring females from July (0.3 ± 0.04km, 
n = 40), when they had pouch young, to August (0.63 ::!; 0.04km, n = 46) when 
the young were first left in a den while the mother foraged (Fig. 5). Adult 
females were only recorded sharing a den on one day (Den and Habitat Use 
chapter). In addition to spatial separation, re-use of dens by a different 
female tended to show considerable temporal spacing, on average 8 months 
(± 0.8, n = 29) after the death of the first female (Den and Habitat Use 
chapter). 
Although males had overlapping ranges between April and June, 
they avoided each other, denning on average l.36km (± 0.09, n = 33) from 
the nearest male neighbour on any one day. Males were never recorded 
sharing dens with either males or females. Males denned on average 
0.27km (± 0.03; n = 20) from the female occupant of a home range between 
April and June. 
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234 
235 
Mating system 
Trapping at dens occupied by females throughout the year showed 
that males began to visit females during the night in early May. During May 
and early June, the number of males caught within lOm of a female (the 
female is trapped when she leaves her den at dusk, n = 9) ranged from one 
to four, the maximum occurring a couple of days before the estimated peak 
of mating (Reproduction and Demography chapter). Some males were 
trapped near different females a few days apart. It appears that during this 
period, males travelled between females in an attempt to acquire matings 
(Fig. 6). For males, the distance between successive dens peaked at this time 
(Fig. 2). Opportunistic observations of quolls crossing roads at night during 
the mating season were always of a single individual, which judging from 
size, appeared to be mostly males. Seventy-two percent of all D. hallucatus 
road-kills collected were males between April and June (Reproduction and 
Demography chapter). Males were never radio-tracked to the same den as a 
female during the day, so D. hallucatus probably mates at night. No males 
examined had any observable traces of fluorescent powder so the identity of 
those that mounted females was not determined. By 1June1994, two 
females caught near the same rockpile had fresh mating bites and were 
trapped within lOm of a single male. By this stage, males were generally in 
poor condition; they were anaemic, exhibited hair loss, weight loss and 
possessed heavy infestations of ectoparasites (Reproduction and 
Demography chapter). The first male death was recorded on 31 May and 
most males died in the first two weeks after mating. The last occasion that 
an adult male was caught within lOm of a female (who by this time had 
pouch young) in 1994 was 5 July. Females reared the young alone. 
Scent marking and scat deposition 
Thirty three road-killed males and six road-killed females were 
examined for sternal gland activity. The sternal gland on males appears to 
be most active prior to and during the mating season (Fig. 7). Females did 
not appear to show sternal gland development, however the sample size 
was too small to be confident of this (only 1 during mating season). 
Both male and female five month old captive D. hallucatus were 
observed rubbing their chins, their entire ventral surface or just 
hindquarters (with hindlegs spreadeagled) on objects, presumably scent 
marking. Females were observed to rub their ventral surface or 
hindquarters on the ground or a log, males on food such as a bone. When 
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Fig. 6. Movement of an individual male D. hallucatus during a 14 day period from late April to early May (immediately prior to the mating 
season). One location was obtained each day. Females A and B were also radiotracked to their dens during this period, minimum convex 
polygons are drawn around their locations. Females C, D and E were known to be present (from trapping) but were not radiotracked 
during this time. All representations of home range are likely to be underestimates because of the short period represented, thus the male 
locations that appear to be just outside the females ranges are probably within them. The italic lettering within A and B's ranges indicates 
their locations on the days that the male was near their range. Since there was another rocky hill to the north-west of the grid, the males 
foray in that direction (day 10-11) could have been to visit a resident female of that favourable habitat or it could have been associated with 
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presented with a foreign faecal pellet, many of the captive juveniles picked 
it up using their forepaws to examine it and sniffed it for an extended period 
of time. One male passed over it and lowered his hindquarters on it, 
possibly urinating on it. Another male defecated next to it. The adult female 
was not observed to participate in any scent marking. 
Scats were deposited singly or in latrines on prominent places such as 
rocks and termite mounds throughout the year, although there was a peak 
during the mating season, May-June (Fig. 8). The lower incidence of scats 
recorded in January-March may be the result of heavy rainfall washing 
them off the rocks. 
Density 
To estimate density using a trapping grid, the grid needs to be 
considerably larger than the average distance moved by the study species, 
otherwise overestimates are likely (Smith et al. 1975). Since the average 
distance between successive dens for males was 0.77km, the maximum grid 
size used in this study (700m x SOOm) was inadequate for density estimation. 
Male density was difficult to estimate due to the males' extensive 
movement disallowing the complete determination of their home range 
size. A rough estimate of male density ranged from O/km2 (mid-late dry 
season) to 4/km2 during the mating period (early dry season). 
The density of resident females (estimated using the area of exclusive 
denning areas) ranged from l/km2 (late dry season) to 4/km2 (wet season, 
early dry season; see Reproduction and Demography chapter for intra-
annual variation in abundance) in the trapping grid and surrounds, with 
some areas not utilised. As this study site was chosen for its relatively high 
density of D. hallucatus compared to three other potential study sitesthat 
were trialled at Kapalga, the density here is probably much higher than 
many surrounding areas of lowland savanna. 
Discussion 
Home range, spatial and social organisation 
Home range size is primarily determined by diet and the size-
dependent metabolic requirements of species, influenced by the dispersion 
of food resources and the productivity of a particular habitat (Clutton-Brock 
and Harvey 1977; Harestad and Bunnell 1979; Gittleman and Harvey 1982; 
McNab 1963; Macdonald 1983; Gomper and Gittleman 1991; Grant et al. 
1992). Carnivores tend to have larger home ranges than herbivores of a 
similar size as vertebrates are scarcer than fruit or foliage (Gittleman and 
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Harvey 1982). Within each dietary niche, range size increases with body size 
(Harestad and Bunnell 1979). Intraspecifically, ranges are often smaller in 
habitats or periods with increased abundance of food (Frame et al. 1979; 
Harestad and Bunnell 1979; Ostfeld 1985; Ostfeld 1986). This alteration in 
range size may only occur in females in some species (Ostfeld 1986). 
Dispersion of food also has been shown to affect range size, species of 
primates tend to have larger home ranges if food is heavily clumped and 
spatially variable than species living on less variable food supplies (Clutton-
Brock and Harvey 1977). 
Dasyurids range from predominantly carnivorous to mostly 
insectivorous, with the proportion of vertebrate prey tending to increase 
with body size (Diet chapter). Some species also consume fruit when 
available (Godsell 1983; Soderquist and Serena 1994; Strahan 1995; Belcher 
1995; Diet chapter). 
In this study, home range was found to be significantly under-
estimated by trapping alone. The mean distance between successive captures 
as an index of movement (Begg 1981; Schmitt et al. 1989; Braithwaite and 
Griffiths 1994), or locations from traps to estimate home range, are both 
constrained by grid size, making inter-sexual comparisons (when the grids 
are smaller than the home ranges) and comparisons between studies 
dubious. Radio-tracking allows a more realistic depiction of movement and 
range use, however comparison of home range size of dasyurid species is 
limited due to the paucity of medium to long-term studies, of which only 
five studied both sexes (Godsell 1983; Serena and Soderquist 1989; Lazenby-
Cohen and Cockburn 1991; Soderquist 1995; this study). The only previous 
radio-tracking study of D. hallucatus (King 1989) was short-term (over a 
couple of weeks) and the values given for home range size conflicted with 
the accompanying diagrams so could not be used with confidence for 
comparison. At Kapalga, radio-tracking demonstrated that adult male 
D. hallucatus ranges (mean 99ha) between April-June (around the mating 
period) were substantially larger than adult female ranges (35ha). The actual 
difference would be even greater as male home ranges were underestimated 
due to their tendency to travel out of range of the radio-tracking receiver. 
These sex-related differences may be partly attributable to the sexual 
dimorphism in weight and energy requirements (Harestad and Bunnell 
1979), but are probably mostly due to attempts by males to gain access to as 
many females as possible (Lindstedt et al. 1986). As expected, the home range 
sizes for D. hallucatus placed them between the smaller more insectivorous 
Antechinus stuartii and the larger D. geoffroii with its greater consumption 
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Fig. 9. Comparison of body weight in relation to home range for a) 
females and b) males of the five dasyurid species for whom home 
range data from radio-tracking are available for both sexes; 
Antechinus stuartii (Lazenby-Cohen and Cockburn 1991), 
Phascogale tapoatafa (Soderquist 1995), Dasyurus hallucatus (this 
study), D. viverrinus Godsell 1983) and D. geoffroii (Serena and 
Soderquist 1989). i =home ranges that are likely to be 
underestimates. 
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of vertebrate prey but were surprisingly similar to the smaller and more 
insectivorous P. tapoatafa (Fig. 9; Dickman et al. 1983; Serena and Soderquist 
1989; Lazenby-Cohen and Cockburn 1991; Soderquist and Serena 1994; 
Soderquist 1995). However, the similarity of P. tapoatafa and D. hallucatus 
male range size may be an artefact of the underestimate of the latters' range 
in this study. The most unexpected range size is that of D. viverrinus, which 
despite being considerably heavier than D. hallucatus, has a similar range 
size for females and a smaller range size for males (Godsell 1983). The small 
home range estimated for D. viverrinus may be in response to a an 
abundance of resources (Carr and Macdonald 1986), allowing an extremely 
dense population at that particular study site (estimated at 40 per km2; 
Godsell 1983; Jones and Rose 1996). In contrast, for D. hallucatus at Kapalga, 
crude estimates of female density ranged from 1-4/km2 whereas male 
density ranged from 0-4/km.2. Densities obtained from trapping, using mean 
capture rates as indicators, are unreliable for comparison between studies 
due to the influence of different times of year sampled, grid size, trap layout 
and trap type. Schmitt et al. (1989) however, using comparable trapping grids 
in different habitats, showed that D. hallucatus density was higher in 
woodland on the inland sandstone plateau than coastal woodland and vine 
thickets. 
The majority of eutherian carnivore species, including most 
mustelids and felids, are primarily solitary (Sandell 1989). Both sexes of 
D. hallucatus were found to be solitary. Den sharing between adults was 
only recorded once (Den and Habitat Use chapter). Adult females denned on 
average 0.53km from their nearest female neighbours whereas adult males 
denned on average over a kilometre from the nearest known male 
neighbour but only 0.27km from the nearest female den. D. hallucatus has 
been found to be solitary and asocial in captivity with little contact-
promoting behaviour occurring during staged encounters (Dempster 1995). 
Solitary behaviour may improve hunting efficiency for predators that focus 
on prey that are sufficiently small to be subdued alone. Conspecifics would 
make stealth more difficult and compete for prey (Sandell 1989). Although 
solitary mammals have lower rates of interaction with other individuals 
than social mammals, they still recognise neighbours and live within a 
social network (Waser and Jones 1983). 
When present at higher density, D. hallucatus females had mutually 
exclusive denning areas but marginally overlapping foraging areas. When 
the Kapalga population was at lower density, there was no overlap of the 
total ranges detected. Whether females maintain their ranges by direct 
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aggression or by avoidan~e is unknown. Scent-marking to assist territory 
maintenance -in mammals is well known, with scent-marks typically 
deposited in obvious places (Stoddart 1980). D. hallucatus deposited scats in 
prominent places in the landscape, presumably to advertise the resident 
female's occupancy of an area. Since their food is diverse and patchy (Diet 
chapter), they are highly mobile during foraging, sometimes travelling from 
one edge of the range to the opposite edge in one night. Hence, as has been 
suggested for some mobile insectivorous and frugivorous primates (Mitani 
and Rodman 1979) perhaps little additional effort is required to monitor 
boundaries. The peak in distance between successive dens for adult females 
occurs in January-February, this may be to reinforce 'ownership' at the time 
when young are dispersing and attempting to set up their own territories. 
Regular visitation may be particularly important in the monsoonal tropics 
where scent-marks including faeces may be rapidly removed by the heavy 
rain of the wet season. Scent marking may allow mutual avoidance, 
decrease the need for aggression, and consequently reduce the cost of 
territorial maintenance (Randall 1989; Corbet and Van Aarde 1996). 
During the breeding season, the large male home ranges overlapped 
with several females and numerous other males. In contrast to suggestions 
from trapping studies, there was no evidence of 'dominant' males 
occupying creeklines (Braithwaite and Griffiths 1994), or males defending 
territories against other males (Begg 1981). Male ranges were large enough to 
include all habitat types present. 
Why are female D. hallucatus territorial? 
Territoriality is defined in this chapter as individuals spaced in areas 
to which they have priority of access, with their ranges overlapping less 
than expected by chance (Davies 1978; Kaufmann 1983; Ims 1987a; Ims 
1987b ). These areas are maintained through social interaction including 
mutual aggression or mutual avoidance using various cues. In this study, 
the term territorial has been used for D. hallucatus females because of the 
small overlap between adult home ranges and the tendency for females to 
extend into favoured neighbouring vacated ranges (rocky habitat) shortly 
after the disappearance of the original occupant. Territories appear to be 
maintained largely by mutual avoidance using olfactory signals since scats 
are regularly deposited in prominent places and fighting injuries were not 
observed on females. Since the primary determinant of female reproductive 
success is the availability of food necessary to rear offspring, territoriality is 
generally proposed to be related to the distribution of food, its abundance 
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and renewability (Ostfeld 1985, Ims 1987a, Ims 1988). Overlap in female 
home range has been shown to be increased by supplementary food in the 
California vole, Microtus californicus (Ostfeld 1986). The resource-defence 
hypothesis suggests that females of species relying on food sources that are 
sparse, patchy and temporally dispersed are likely to be territorial whereas if 
food is abundant, widespread and rapidly renewable then territoriality is 
unlikely (Ostfeld 1985, 1990; Grant 1992). Availability of sites that affords the 
mother and offspring protection from predators may also be important. 
Although agreeing that food has some influence on space use, Wolff (1993) 
suggests that since female aggression and territorial defence are most 
intense during lactation and directed towards other females, that the 
primary function of female territoriality is to protect a nest site and deter 
infanticide. 
D. hallucatus are predominantly insectivorous but also consume 
small mammals, birds, reptiles, amphibians and fruit when available (Diet 
chapter). The abundance of these components show considerable temporal 
patchiness due to the dramatic seasonal variations in the wet-dry tropics 
combined with frequent fire. They also show spatial patchiness due to 
microhabitat requirements. Most fruit, for example, was ripe during the 
early dry season and during this period contributed a large proportion of the 
diet (Diet chapter). Spatially, fruiting plants are patchy, and once consumed 
will not fruit again for another year. Reptiles and amphibians are most 
mobile during the wet season (e.g. see Griffiths 1994) and early dry whereas 
mammals and birds may be less easily captured in the thick wet season 
vegetation. In contrast, in the late dry season, after the fires, mammals are 
more easily caught on the open ground but reptiles are relatively dormant 
and amphibians rare. Various groups of invertebrate prey also show intra-
annual variation in abundance. The sparseness of some dietary sources at 
particular times of year (e.g. during the late dry season) may increase the cost 
of allowing exploitation by intruders (Ostfeld 1985). Patchy resources are 
more defensible, thus females consuming these are more likely to be 
territorial. This has been observed in microtine rodents where omnivorous 
species are more likely to demonstrate female territoriality than those that 
consume a relatively homogenous resource such as grass (Ostfeld 1985). 
However, some aspects of D. hallucatus behaviour suggest that 
territories may not be maintained entirely for food defence. First, females 
allow some overlap of foraging range with their neighbours, although this 
may be due to inability to defend such a large area. They also allow 
considerable overlap with female kin and total overlap by males. Females 
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maintain exclusive areas throughout the year, but range size decreases 
~ 
when lactational demands are greatest rather than at times of comparative 
food abundance. This decrease in home range size and overlap from the 
pregnancy stage to the lactational stage when young are left in a nest, has 
also been observed in the bank vole (Koskela et al. 1997). This decrease in 
home range size may be a result of the advantages of closer proximity to the 
young, for protection and provision of milk. 
Although some overlap in foraging areas occurred, females possessed 
exclusive denning areas suggesting that denning areas were more important 
to defend even though dens (including nursery dens) did not appear to be 
limiting at this site. Females that occupied ranges containing the highest 
density of dens (rocky hills), were more likely to survive to a second 
breeding season than those that lived totally in the forest or woodland (Den 
and Habitat Use chapter). If a range containing rocky habitat became vacant, 
neighbours extended their ranges to include it whereas vacant areas in other 
habitats often remained unoccupied. Are these rocky areas desirable for 
their food resources or dens? There was no evidence that food was more 
abundant in the rocky hills (Diet chapter), so perhaps dens were the 
important resource for their provision of protection from predators. But 
why defend dens intra-specifically when the congener, D. viverrinus, shares 
dens (Godsell 1983)? Perhaps parasite build-up may be more intolerable in 
the tropics or perhaps the presence of multiple animals is more likely to 
attract the specific predators in this region? Although sharing general dens, 
D. viverrinus use an exclusive nursery den (Godsell 1983). For this species, 
nursery dens may be defended due to the rarity of high quality dens but this 
is not the case for D. hallucatus which used many nursery dens (all 
exclusive). Perhaps, as Wolff (1993) suggests, defence of the young left in 
nursery dens from neighbours may be a factor in Dasyurus female 
territoriality. 
Since all male D. hallucatus died before young reached the nursery 
den stage, any threat of infanticide was from neighbouring females. There 
was a dramatic increase in the distance between neighbouring females dens 
from the late pouch young period to when the young were first deposited in 
a nursery den. Even the presumed mother-daughter pair, who were 
recorded denning as close as 12m from each other during the late pouch 
stage, moved over lkm from each others dens when they first deposited 
their young. During the nursery denning period, no overlap of foraging or 
denning range was detected between neighbouring females. Females are 
more agitated when handled at this time of year. The young are vulnerable 
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when left in dens whilst the mother forages and during this period there is 
very high mortality from an average of 7 young/female early during the 
pouch period to 2.4 at weaning. Many of these young are likely to have been 
killed by predators however infanticide may also be involved. Infanticide of 
young by unrelated mothers has been recorded in captivity for D. hallucatus 
(Dixon and Huxley 1985). It may make sense for a female to remove 
unrelated competitors of both itself and its young (Mappes et al. 1995). In 
late October 1993, the remains of a juvenile quoll was found in the entrance 
at the base of a nursery den tree. As there was no evidence of disturbance on 
the bare sandy soil outside the den, it appeared to have been killed, partially 
eaten and dropped from above. Since the location and state of the remains 
did not coincide with the behaviour of any known predator at the site, it 
was presumed that it was killed by another quoll. The mother or an 
intruder may have been responsible. Although scat analysis failed to 
positively identify any bone remnants as juvenile quoll, one scat in October 
contained 50% quoll fur which may suggest greater intake than from 
grooming alone. Juveniles, particularly the smaller females, may also be 
vulnerable to infanticide during dispersal. There are a limited number of 
vacant ranges available at this time and it appears to be essential that 
females obtain their own exclusive area by the breeding season. There were 
no surviving transients or non-breeding females. 
Perhaps all the factors discussed above are involved in female 
territoriality in D. hallucatus; exclusive access to food at the centre of a 
home range in a habitat where it is both temporally and spatially patchy, 
parasite-free dens whose exclusivity may minimise observation by predators 
and maximise protection of young from conspecifics. Overlap may occur at 
the edges of the ranges when the population is at high~r densities, due to 
the indefensibility of the entire area. 
Why are male D. hallucatus non-territorial? 
Male sperm production is not as energetically expensive as female 
gestation and lactation (Ostfeld 1985; Wittenberger 1979), so male 
reproductive success is more closely linked to the number of accessible 
females (Ostfeld 1985). Hence male spatial organisation and the presence or 
absence of territoriality tends to be determined by the dispersion of females, 
both spatial and temporal (Trivers 1972; Ims 1987a). When females are 
spatially clumped with overlapping ranges (non-territorial) and therefore 
defensible, males are more likely to be territorial (Ostfeld 1985). However, in 
species such as D. hallucatus, where females are solitary and spaced out in 
247 
mutually exclusive areas (territorial), males tend to be non-territorial with 
large overlapping ranges. This type of male roving strategy is often 
associated with a male dominance hierarchy based on body size (Clutton-
Brock 1989; Jarman and Southwell 1986). Presumably, dominant males may 
gain more matings by visiting many widely dispersed females than by 
attempting to guard a few (Clutton-Brock 1989). Male common shrews 
which adopted the tactic of overlapping with several female ranges were 
found to father a greater number of offspring with increasing number of 
female ranges overlapped (Stockley et al. 1996). Male D. hallucatus home 
range size and movement increased during the mating period. Increase in 
male movement at this time has also been observed in minks (Gerell 1970), 
feral cats (Langham and Porter 1991) and A. stuartii (Wood 1970; Braithwaite 
and Lee 1979). Males are only likely to guard females in oestrus. There is 
some evidence that males D. hallucatus may fight for females, as some 
males had wounds including a broken tail by the end of the mating period. 
Captive D. viverrinus males have been observed to be aggressive towards 
each other during females oestrus (Nelson and Smith 1971). It would be of 
interest to examine the correlates of male reproductive success in 
D. hallucatus and to determine whether there is a relation between body 
size and copulatory success. If females of a species were hyperdispersed so 
that a male cannot defend more than one female, then monogamy and 
selection towards male parental care might be expected (Ostfeld 1985; 
Clutton-Brock 1989). 
The temporal dispersion of sexually receptive females may also 
influence male spacing (Emlen and Oring 1977). When female reproduction 
is synchronous, males might be expected to be territorial since males cannot 
mate with more females than they can defend simultaµeously (Ims 1987a). 
Even if receptive females are available for a few days, a male should guard a 
female that he has inseminated for some time after copulation to prevent 
multiple paternity (Dewsbury 1982; Ims 1987a). D. hallucatus females in a 
particular area appear to be receptive for usually less than a week yet the 
males have adopted a roving strategy! Perhaps mate guarding does not 
occur and the number of copulations with different females in addition to 
successful sperm competition is more important for reproductive success. If 
the maximum number of copulations are to be achieved, large distances 
between widely separated females have to be travelled rapidly, as was 
observed. The females may be located by travelling along a gradient of 
freshness of scent marks and scats deposited in prominent places. Within 
their home ranges females may also participate in seeking males. The 
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importance of olfaction to locate mates is suggested by the peak in scat 
deposition and the -noticeable increase in sternal gland development of the · 
males during the mating season. Nelson and Smith (1971) also noted that 
the chest gland of a male 
D. hallucatus was maximally developed at this stage. The short time in 
which males must locate and mate with the maximum number of widely 
spaced females may help to explain the extremely poor condition of the 
males immediately after mating culminating in their die-off. 
Promiscuity has been defined as the mating system where males will 
mate with any receptive female, females will mate with different males 
(either in the same or successive breeding attempts) and there is no 
continuing bond between individual male and females after mating 
(Clutton-Brock 1989). As in each D. hallucatu,s mating season, each male 
visited several females, each female was visited by multiple males and no 
bonds were established (the males dying shortly after mating), D. hallucatus 
has a promiscuous mating system. Promiscuity should evolve only if males 
cannot assist in parental care (as is the case for D. hallucatus) or the 
disadvantages associated with this would outweigh the benefits 
(Wittenberger 1979). 
Comparison with other species 
Since adult males are absent during the energetically demanding 
lactational period in those dasyurids that exhibit male post-mating 
mortality, it might be expected that there would be some correlation 
between species with this trait and the nature of the social/mating system. 
However, for the five species that have been the subject of detailed radio-
tracking studies, no correlation was observed (Table 2)~ 
The three smaller species exhibit complete male die-off 
(A. stuartii, P. tapoatafa, D. hallucatus) but only the latter two exhibit female 
territoriality. Of the two larger species, both without complete male die-off, 
one exhibits female territoriality (D. geoffroii; Serena and Soderquist 1989) 
and the other has overlapping ranges (D. viverrinus; Godsell 1983). 
Although die-off is more likely to occur in smaller dasyurids, territoriality 
does not appear to correlate with body size. 
Density is known to be correlated with abundance and dispersion of 
resources (Carr and Macdonald 1986) and there appears to be a correlation 
between density and overlap of female home range. This has also been 
observed in Microtus californicus, where both sexes responded to increased 
Table 2. Comparison of the social/mating system of the five dasyurid species which have 
been the subject of detailed radio-tracking studies; A. stuartii (Lazenby-Cohen 1991; 
Lazenby-Cohen and Cockburn 1991; Cockburn and Lazenby-Cohen 1992), P. tapoatafa 
(Soderquist 1995), D. hallucatus (this study); D. geoffroii (Serena and Soderquist 1989; 
T. Soderquist pers. comm.) and D. viverrinus (Godsell 1983). Die-off refers to male post-
mating mortality in the population studied. Weights from Strahan (1995) and this study. 
Species Weight (g) Die-off Female Den Density 
(maximum) territoriality sharing 
A. stuartii 25 Complete No Yes High 
P. tapoatafa 230 Complete Yes No Low 
D. hallucatus 1100 Complete Yes Rare Low 
D. geoffroii 1300 No Yes Rare Low 
D. viverrinus 1300 Partial No Yes High 
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density by greater home range overlap (Ostfeld 1985). For the two dasyurid 
species found to have overlapping home ranges, both studies were 
conducted in high density populations. A. stuartii was the most gregarious 
with aggregations of up to 18 individuals recorded in one nest preceding 
and during the rut (Lazenby-Cohen 1991; Cockburn and Lazenby-Cohen 
1992). D. viverrinus was found to share dens on 21 % of occasions, most 
commonly at the time of year when the population was at its highest 
density (Godsell 1983). In contrast, the species that had female territoriality 
were low density populations, presumably in less productive 
environments. D. hallucatus shared dens on only 0.002% of occasions (Den 
and Habitat Use chapter). It would be interesting to examine rock plateau 
dwelling populations of D. hallucatus, to confirm whether they are higher 
density (Schmitt et al. 1989), and if so, what effect this has on their spatial 
and social organisation. Smaller home ranges, greater overlap and increased 
den sharing might be expected. It is possible that for Dasyurus and 
Phascogale species, there is a basic pattern of phylogenetically determined 
spatial organisation that occurs regardless of climate, but is modified by the 
richness of specific habitats which determine the density that can exist in 
any particular area. 
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Synthesis: the decline of the Northern Quoll and future research 
The marked contraction in the distribution of the Northern Quoll 
during the last century (Braithwaite and Griffiths 1994; Chapter 1) suggests 
that this species may be following the decline of its three Australian 
congeners, the Eastern Quoll, Chuditch and Spotted-tailed Quoll. These 
three congeners are now classified on mainland Australia as extinct, 
endangered and threatened, respectively. Although the disappearance of 
these species has been attributed to a variety of factors (Chapter 1), the main 
causes remain uncertain. Perhaps for the Northern Quolt which appears to 
be in an earlier phase of range reduction, some indication of the factors 
contributing to the process can be ascertained. 
The distribution of the Northern Quoll has contracted to several 
disjunct populations across northern Australia (Braithwaite and Griffiths 
1994; Chapter 1). These remnant populations tend to be centred on 
landscape-scale rocky refugia (e.g. Carnarvon Gorge, Qld) where there is 
high topographic heterogeneity. Conversely, recent local extinction has 
occurred primarily in the lowland savannas that surround these refugia. 
Since the survival of Dasyurus hallucatus populations appear to be 
most tenuous in the lowland savanna, this study was conducted at a 
lowland savanna site in Kakadu National Park, some 50km west of the 
rocky Arnhem Land plateau. The Northern Quoll is becoming less common 
in Kakadu (Morris 1996). The study site encompassed open forest, 
woodland, a seasonal creek and several small rocky hills. The local quoll 
population was centred on these rocky hills; they were always included in 
the home ranges of resident females (Chapter 8). Yet some of the 
surrounding areas were vacant at various times. Thus _this study site might 
be viewed as a smaller-scale representation of the sub-continental situation, 
of quoll populations centred on rocky refugia surrounded by vast areas of 
open woodland and open forest. Perhaps then, the ecological requirements 
of Northern Quolls and causes of mortality at this site can be extrapolated to 
offer insight into the possible cause of decline of Northern Quolls on a 
broader scale and to determine why rocky areas appear to provide some 
protection from decline for D. hallucatus. 
Mortality, life history evolution and extinction 
Age-specific mortality is a primary influence on life history evolution 
(Reznick et al. 1990). High adult mortality tends to push a species towards 
semelparity (Reznick et al. 1990). Certainly, D. hallucatus (to an even greater 
degree than its congeners) is an exceptionally short-lived species when 
compared to eutherians of similar body size. For example, the maximum 
recorded lifespan for a grey squirrel is 15 years and for a domestic cat is 28 
years (Stearns 1992) whereas the maximum recorded age for captive 
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D. hallucatus is only 6 years (a male, S. Templeton, pers. comm). In the wild, 
lifespan is even shorter, with females in this study only reaching a 
maximum of 3 years and males, only 1 year (Chapter 3)! This remarkably 
short lifespan is due to the complete post-mating mortality of males in this 
population. D. hallucatus is the largest species known to exhibit this 
phenomenon, at least in some populations. While all females bred in their 
first year at the Kapalga study site, only 27% of females survived to wean a 
second litter and none bore a third (Chapter 3). Consequently, both sexes of 
D. hallucatus contribute the greatest reproductive effort in the first breeding 
season. As has been observed in other Dasyurus species (Godsell 1983; 
Serena et al. 1991), female D. hallucatus also tend to have larger litters in 
their first breeding season. 
This tendency of both sexes towards semelparity predisposes the 
species to local extinction. If recruitment fails in any given year due to 
extrinsic factors (such as heavy predation pressure) causing total juvenile 
mortality, then no males would be available for mating (a few old females 
may still be present) and the population would plummet. If the area is still 
connected to other areas occupied by quolls, then dispersal could re-populate 
an area and breeding could still be successful. This occurred at the Kapalga 
study site in 1994, when recruitment failed for unknown reasons and no 
sub-adults were present in thearea in January-March when they should 
have been at maximal abundance. New individuals arrived in April and 
May to occupy the vacant areas. However, if recruitme_nt fails and th~ 
population is discrete from other quoll populations then local extinction 
would occur. 
What causes the high mortality? Maximum lifespan for a species 
appears to be determined by taxonomic affinity, resulting in groups such as 
burramyids having much longer lives than dasyurids (Cockburn et al. 1990). 
Within these phylogenetic constraints, there are a several factors that can 
cause the mortality of free-liv_ing individuals including extrinsic factors 
such as starvation, inter or intra-sexual aggression/ cannibalism, disease, 
parasitism, predation, environmental hazards (e.g. fire) and intrinsic factors 
such as senescence which may be catalysed by behaviour in the wild. For 
D. hallucatus, mortality of dispersing young was not able to be assessed and 
thus cannot be discussed here. Adult male and female mortality was 
examined and since they were very different in timing and underlying 
cause, each sex will be considered separately in the following sections. 
Male mortality 
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For males in this population, senescence, defined as a decline in age-
specific survival (Promislow 1991), occurred in the form of a dramatic die-
off. Although the proximate cause of death for 75% of the males (n = 8) was 
predators or motor vehicles, these deaths usually occurred within the two 
weeks after the mating period Gune) when the males were physiologically 
debilitated (Chapter 3). The remaining males were found dead with no 
evidence of the involvement of extrinsic factors. None of the male tissues 
examined showed evidence of disease. In particular, toxoplasmosis, which 
has been postulated to be the epidemic disease that decimated the Eastern 
Quolls at the turn of the century (Caughley 1980), did not appear to be a 
contributing factor (Chapter 4). 
The ultimate cause of male die-off remains obscure but appears to be 
physiologically associated with the reproductive strategy of male 
D. hallucatus. During the mating season, males adopted a roving strategy 
(over 100 ha; Chapter 8) to enable them to travel rapidly between widely 
spaced females to monitor the onset of oestrus (which is a reasonably 
synchronous event in this species). Previous evolutionary explanations for 
male die-off in smaller bodied species (e.g. Antechinus spp., Phascogale 
spp.), have emphasised their inability to sequester sufficient fat reserves to 
maintain them through an intense rut, particularly when feeding has been 
curtailed (Lee and Cockburn 1985; Lazenby-Cohen and Cockburn 1988). In 
these species, an increase in free cortisol levels in the blood is suggested to 
indicate protein catabolism from body reserves. However, D. hallucatus is 
considerably larger than these species, and although m:ales exhibited weight 
loss prior to death (Chapter 2), cortisol levels were lower than expected 
(Chapter 3) and they continued to feed, as evidenced by prey remains in 
their scats (Chapter 5). Females did not exhibit the same degree of weight 
loss during this period so male weight loss is unlikely to be related to a 
general paucity of food at this time. Male D. hallucatus were found to have 
raised testosterone levels in their blood during the mating season (Chapter 
3), which is likely to be related to the increased intra-sexual aggression 
required to increase the chances of reproductive success at this time. 
Testosterone has been associated with immunosuppression (Kass and 
Finland 1953; Wyle and Kent 1977; Folstad and Carter 1992) and these 
increased levels may explain the proliferation of lice on their bodies at this 
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time (see Schalk and Forbes 1997). Males also became severely anaemic in 
the last few weeks prior to dying (Chapter 3). In Antechinus spp. and 
Phascogale spp., anaemia has been suggested to be related to high levels of 
ectoparasites (Cheal et al. 1976), gastrointestinal ulceration (Barker et al. 
1978; Cheal et al. 1976; Bradley 1987) or parasitaemias (Barker et al. 1978; 
Cheal et al. 1976). In D. hallucatus, although some individuals carried ticks 
and fleas, the infestations did not appear to be sufficiently severe to be the 
primary cause of anaemia. There was no evidence of gastrointestinal 
ulceration and haemorrhage. Perhaps, the anaemia may be related to the 
proliferation of parasitaemias? Babesia has been implicated in the deaths of 
Antechinus stuartii (Cheal et al. 1976) and Babesia thylacis has recently been 
documented in a Northern Quoll (Bangs and Purnomo 1996). Babesia was 
not screened for in this study. Although the ultimate cause of male die-off 
remains unclear, the resultant male semelparity in most, perhaps all, 
Northern Quoll populations, has a consistent effect of increasing the 
vulnerability of populations to local extinction. 
Female mortality 
Most female mortality coincided with the late dry season and 
concurrent late lactational period (Chapter 3). There was no evidence that 
starvation directly contributed to high adult female mortality. Northern 
Quolls were dietary generalists, occupying a broad dietary niche, consuming 
invertebrates, vertebrates and fruit in accordance with their seasonal 
availability (Chapter 5). A variety of food was present in all habitats studied 
(open forest, woodland, rocky hills and riparian) although its availability 
was temporally and spatially patchy. Because females require greater access 
to resources for successful reproduction than males (as_ gestation and. 
lactation are energetically much more costly than sperm production) the 
distribution of resources affects the female spatial organisation to a greater 
degree than for males (Lee and Cockburn 1985). Since spatial patchiness of 
resources increase their defensibility and temporal patchiness (i.e. poor 
renewal) increases the cost of allowing exploitation by intruders, patchiness 
of food resources may lead to female territoriality (Ostfeld 1985, 1990). In this 
study, each female D. hallucatus had a territory of around 35ha (Chapter 8). 
Although female Northern Quolls lost some weight and became slightly 
anaemic around the mating season, they recovered during pregnancy and 
lactation (Chapter 2; Chapter 3). There was no evidence that disease 
(including toxoplasmosis) contributed to the high adult female mortality 
(Chapter 4). Ectoparasitic infestations on females did not occur (only the 
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occasional tick or flea) and high endoparasite loads (e.g. Sprattia capilliforme 
in the liver of one) were rare. 
Apart from mating bites, females never displayed wounds that might 
indicate damage from conspecific aggression. Although a few scats 
contained large quantities of quoll hair, none contained quoll skeletal 
material so any evidence for cannibalism is inconclusive (Chapter 5). Of the 
seven females that were found dead, six were killed by predators, four of 
these by dingoes and feral cats (Chapter 3). Additionally, another female in a 
trap was killed by a dingo. A dietary study of dingoes at Kapalga found that 
only 0.2% of faeces (n = 6722) contained Northern Quoll (Corbett 1995) 
which may imply a lack of impact on the prey species. However, all of the 
D. hallucatus (three females, one male) that were killed by dingoes and 
found while still fresh in my study were left uneaten. The other two males 
that may have been killed by dingoes (from teeth marks in the collars) were 
not found for some weeks after death and consequently, the lack of remains 
could have been due to scavev.gers. Domestic dogs have also been observed 
to kill D. hallucatus without consuming them (Braithwaite and Griffiths 
1994). The killing may be related to predator intolerance of other predators, 
despite the body size differences making direct interspecific competition 
insignificant. Predator intolerance of other predators has also been observed 
in lions, which kill cheetah cubs (Laurenson 1994). This intolerance appears 
to suppress cheetah populations in areas where lions are common 
(M'. Reardon, pers. comm.). Like dingoes with quolls, lions do not consume 
the cheetahs, thus dietary studies may seriously underestimate the impact of 
a predator on some 'prey' species. 
The bodies of female D. hallucatus killed by predators were found in 
areas with no understorey, either after fire had removed the ground cover, 
or on fire breaks. All female deaths occurred within forest, woodland and 
riparian habitats. No female deaths were recorded in rocky habitats even 
though this habitat was favoured by females for most of the year. Females 
with a greater proportion of rocky habitat in their range were more likely to 
survive to a second breeding season, thereby increasing their reproductive 
success (Chapter 3). Why did females experience less mortality in rocky 
areas? On a larger scale, why do remnant quoll populations appear to be 
centred on rocky plateaux? Rocky areas also appear to act as refugia for other 
mammal species. A recent survey of the proposed Limmen Gate National 
Park in the Gulf of Carpentaria, only recorded small mammals in the 
sandstone ranges, they were absent from lowland habitats (Griffiths et al. 
1997). 
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Why do rocky plateaux enhance survival? 
Rocky plateaux, regardless of whether the understorey vegetation has 
been disturbed by cattle and fire (a common occurrence in the Top End), still 
provide shelter (rock crevices) to resident small mammals. It has previously 
been suggested that rock outcrops may enhance the survival of 
Parantechinus bilarni and Pseudantechinus macdonnellensis by reducing 
the risk of predation (Lee et al. 1982). There may be lower predation in these 
habitats due to either a higher density of refugia or possibly due to a lower 
abundance of large predators. In the present study, the greatest density of 
Northern Quoll dens was found to be in rocky habitat (Chapter 6). Dingoes 
at Kapalga mostly hunt on the floodplains during the dry season and in the 
forest during the wet season (Corbett 1995). Although regularly observed in 
the forest and woodland during this study, they were never observed on the 
rocky hills (M. Oakwood, pers. obs.). Dingoes are probably more successful 
hunting when in open areas (Corbett 1995). However, even in these rocky 
areas, quoll populations are vulnerable to local extinction if the area is 
disjunct from other populations. This is illustrated by the disappearance of 
Northern Quolls from Purnululu (formerly the Bungle Bungle Ranges), a 
sandstone outlier in the south-east Kimberley, between 1986 and 1989 
(Woinarski et al. 1992). This massif is isolated from the rest of the Kimberley 
Plateau. It is surrounded by pastoral land which has been severely degraded 
over the last century due to high densities of livestock and feral stock 
(Riddett 1990; Woinarski et al. 1992). Presumably when the D. hallucatus 
population plummeted (for unknown reasons), natural recolonisation of 
this isolated area was no longer possible. 
Factors affecting decline in lowland savanna 
Why has D. hallucatus declined more severely in lowland savanna 
than on rocky plateaux? Their former range was predominantly in tropical 
and subtropical woodlands (see Mott and Tothill 1984). Initial range 
contractions were from the southern extremities of this range often being in 
lower rainfall hummock grassland (e.g. Gulf country; see Griffin 1984; 
Young et al. 1984). Further south, extinctions of small native mammals in 
hummock grasslands are often blamed on changes in fire regimes and the 
impact of rabbits, cats and foxes (Griffin 1984}. However, foxes and rabbits are 
not sympatric with Northern Quolls in northern Australia (Coman 1995; 
Myers 1995). So why have Northern Quolls disappeared from the southern 
edges of their former range? 
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These areas have been subject to extensive pastoralism (see Graetz 
et al. 1992). Using material from archaeological sites for comparison, 
Kitchener (1978) suggests that the decrease in mammal diversity since 
European settlement in the Ord River area is due to a combination of 
intense overgrazing, regular burning and the introduction of feral cats. It is 
now considered that the arrival of feral cats to Australia possibly pre-dated 
European settlement (Burbidge et al. 1988), however their impact, in 
addition to that of other large predators, may have been increased by other 
environmental changes. Overly high stocking rates leads to reduction in 
vegetative biodiversity and reduction in ground cover (Greenslade and 
Greenslade 1983). Extensive areas of some regions such as the West 
Kimberley (30%) are in very poor condition, with bare ground 
predominating for most of the year resulting in widespread severe soil 
erosion (Payne et al. 1979). The provision of watering points can result in 
entire removal of perennial shrubs, by grazing and trampling, within half a 
kilometre of the water (Graetz and Ludwig 1978). Even moderate grazing 
pressure facilitated by the provision of a high density of water points 
disadvantage about 20% of plant and vertebrate species, resulting in them 
only being present beyond 8km from the nearest water point (James et al. 
1996). 
Vegetative cover can also be reduced by frequent fire. Tree mortality 
in Eucalyptus tetrodonta/E. miniata forest at Kapalga was found to be 8% 
and 15% respectively after particularly intense early dry season and late dry 
season fires (Williams 1995). Rates of seedling recruitment to the above-3m 
fraction in the three year period following the fires were found to be 
insufficient to replace tree mortality (Williams 1995) and the lack of a 
shrubby understorey throughout much of the lowland_ savanna is att~ibuted 
to frequent fire (Bowman et al. 1988). Estimates of the proportion of lowland 
savanna in the 'Top End' burnt each year range from 70% (Andersen and 
Braithwaite 1992) to 55% (Russell-Smith et al. 1997). Most of this burning is 
deliberate, either as a management tool by pastoralists or National Parks 
staff, by Traditional Owners for various reasons, or by arsonists. Some fire is 
caused by lightning. The decline of small mammals in Kakadu has been 
hypothesised to be related to a decrease in groundwater levels (Braithwaite 
and Muller 1997). Although there was no evidence in this study that quolls 
required direct access to water, groundwater levels are likely to affect fire 
intensity, spread and the resulting patchiness. At Kapalga, after two years of 
imposing four different fire regimes on landscape-scale experimental plots, 
most small mammal species, including D. hallucatus, were more abundant 
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in the unburnt plots (Braithwaite 1996). The decline of small mammals in 
Kakadu may be related to the high frequency and widespread use of fire. 
Reduced vegetative cover and dens, either due to fire, grazing or a 
combination of both (grazing can prevent recruitment of new tree dens) 
increases the vulnerability of small mammals to predators. In addition, 
there is evidence that predator pressure has increased in the semi-arid 
rangelands due to the provision of watering points and prey (cattle) during 
droughts allowing dingo abundance to increase substantially (Bauer 1959; 
Corbett 1995). Since the arrival of dingoes in Australia approximately 4000 
years ago (Corbett 1995), dingoes have been implicated in the decline leading 
to extinction of the two largest marsupial carnivores on the mainland, the 
Thylacine and the Tasmanian Devil (Flannery 1993). These two larger 
species may have been the first marsupial predators to suffer due to their 
greater similarity in size to the dingo producing greater competition and 
interspecific intolerance. Dingoes have been recorded to be capable of 
holding red kangaroos and emus at low densities in open country (Caughley 
et al. 1980). The other quoll species may have had the potential to be directly 
affected by dingoes but in the populated south-eastern· states where Eastern 
and Spotted-tailed quolls were sympatric with dingoes, dingo populations 
would have been much reduced due to human baiting and bounty 
programs, so other factors would have been far more significant in the 
quolls' demise. The largest remnant populations of two of these quoll 
species occur in Tasmania where introduced foxes and dingoes are absent. 
Although the reason behind the massive range contraction of the Chuditch 
from the sparsely populated (by humans) central Australia is unknown, 
Johnson and Roff (1982) conclude that it is likely to be related to the 
cessation of traditional mosaic burning which has been replaced by la~ge 
scale wildfires that remove vegetative cover and food. Again, this could 
increase vulnerability to predation. 
Although the dramatic decline of the Northern Quoll can be directly 
related to specific factors in some areas, for example Cane Toads in Cape 
York (Burnett 1997), it appears likely that the broad-scale decline of the 
Northern Quoll may be due to land management practices such as pastoral 
degradation and extensive fires, altering the landscape, removing shelter 
and dens and increasing vulnerability to predators possibly in conjunction 
with increased numbers of predators. 
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Future research 
There are still many valuable avenues for future research on 
D. hallucatus, particularly more detailed examination of the above-
mentioned factors associated with mortality. Further investigation into the 
ultimate cause of male die-off is warranted including screening males for 
parasitaemias such as Babesia. Testing whether second year males can breed 
in captivity would show whether they have the potential to be iteroparous 
in some circumstances. It is clearly desirable to examine causes of mortality 
in extensive rocky plateaux, specifically to see whether predation is less 
common and whether D. hallucatus here have greater longevity than those 
in the lowland woodlands. In particular, it would be of great interest to 
ascertain whether any males do survive to a second breeding season in this 
apparently higher quality habitat. If some males survive after mating in 
rocky habitats, DNA techniques for paternity determination could be used to 
examine the reproductive success of males and relate this to variables such 
as body size, home range, testosterone levels and post-mating mortality. 
There has been some indication that population density is higher in rocky 
habitats (Schmitt et al. 1989). This is important to confirm and if so, to 
examine what effect this has on spatial organisation. Do female ranges 
overlap more, are ranges smaller and is there more den sharing? 
Considering the rapid decline of the species, it is essential that the 
effects of specific factors that may be involved in local extinction such as the 
colonisation of areas by Cane Toads are also examined. This is likely to affect 
one of the D. hallucatus population strongholds, Kakadu National Park, 
within a few years. Ideally, such a study would have an intense short-term 
radio-tracking component during the first wave of cane toad colonisation of 
an area, followed by a long-term monitoring program -to ascertain whether 
quoll populations recover. Finally, a long-term study of the interrelation 
between predation and the effects of fire regimes and grazing on savanna 
populations of D. hallucatus is vital. 
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Appendices 
Appendix 1 
Aboriginal names for the Northern Quoll, D. hallucatus. References are at the end of the 
Chapter 1, the Introduction. 
Name 
anka.ta 
atamuoi 
bakadji 
barkuma 
Language Area 
Angkamuthi N of Weipa, Qld 
Atampaya N of Weipa, Qld 
? Kakadu, NT 
Kopapoingo E. Arnhem Land, NT 
Tjambarapoingo /1 
Ritarango 
Mildjingi 
Djinba 
II 
Reference 
Crowley 1983 
Crowley 1983 
Morris 1996 
Dixon and Huxley 1985 
II 
II 
II 
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boro bun pun bugtmun 
Wagillak 
Tjapu, Djapu 
Kopapoingo 
Tjambarapoingo 
Morphy 1983, Dixon and Huxley 1985 
Dixon and Huxley 1985 
bura bun pun bugunang 
burrabunpunbugulung 
de-kol 
dhigul 
diguy* 
djabo 
djabu 
gya 
jaquol 
je-quoll 
jirian 
luthopo luthupo 
luyupo luyopo 
njanjma 
nyuluk nyuluk 
quoll 
taquol 
tjabbo 
uyaba 
wijingarri 
yirryi warru 
Ritarango 
Mildjingi 
Tjapu 
Djinba 
Mildjingi 
Djinang 
II 
II 
Mildjingi /1 
Koko-Yimidir N of Cooktown, Qld 
Guugu Yimidhirr N of Cooktown, Qld 
Mbabaram SW of Cairns, Qld 
Gunwinggu W. Arnhem Land, NT 
? Kakadu, NT 
Mpakwithi N of Weipa, Qld 
Guugu Yimidhirr N of Cooktown, Qld 
u u 
? Arnhem Land, NT 
Kopapoingo E. Arnhem Land, NT 
Wangurri /1 
Kunwinjku Kakadu, NT 
Kopapoingo E. Arnhem Land, NT 
Tjambarapoingo 
Ritarango 
Mildjingi 
Tjapu 
Djinba 
Djinang 
II 
II 
Guugu Yimidhirr N of Cooktown, Qld 
u u 
? 
Yadhaykenu 
Wunambal 
Panyjima 
Arnhem Land, NT 
N of Weipa, Qld 
Kimberley, WA 
Pilbara, WA 
II 
II 
II 
Roth 1901 
Haviland 1974 
Dixon 1991 
Goodfellow 1993 
Morris 1996 
Crowley 1981 
Mahoney and Ride 1984 
II 
Dahl 1897 
Dixon and Huxley 1985 
II 
Morris 1996 
Dixon and Huxley 1985 
II 
II 
II 
II 
Mahoney and Ride 1984 
II 
Dahl 1897 
Crowley 1983 
Mangglamarra et al. 1991 
Dench 1991 
* this word, recorded as simply meaning 'native cat' originates from just west of the Great 
Dividing Range south-west of Cairns so could conceivably have been used for either 
D. hallucatus or D. maculatus or both. 
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Appendix 2 
Sources of D. hallucatus distributional data. 
Institution or source 
Overseas 
Number of 
D. hallucatus 
specimens 
American Museum of Natural History, New York 83 
Field Museum of Natural History, Chicago 18 
Harvard University Museum of Comparative Zoology 2 
Museum of Vertebrate Zoology, Berkeley 4 
National Museum of Natural History, Washington 36 
Natural History Museum of Los Angeles County 1 
The Natural History Museum, London 51 
Australian 
Australian Museum 
CSIRO Australian Wildlife Collection, Canberra 
Museum of Victoria 
Northern Territory Museum 
Queensland Museum 
South Australian Museum 
Western Australian Museum 
Databases 
32 
29 
9 
45 
50 
11 
204 
Biological Records Scheme, Parks and Wildlife, NT 69 
Cyplus, Department of Environment and Heritage, Qld 25 
Publications 51 
Personal observations, trap records 199 
TOTAL 919 
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Appendix 3 
Vertebrates present or likely to be present at the quoll study site at Kapalga. 
a) Mammals. * = introduced species. Source = recorded from Elliott {ET) or Wire cage traps 
(WT) at the study site, observed at the study site (0) or within 5km of the study site (05), 
from tracks (TR), scats (SC), road-kills (RK) or from the list of mammals known from 
Kapalga (1: Wanganeen 1995). For the bats, T/HR =trapped within 5km of my study site by 
. Les Hall and Greg Richards. Relative abundance at study site; Absent = large, conspicuous 
animals never observed, never trapped, no tracks, scats or signs seen in 3 years at my site. May 
be common in other areas on Kapalga e.g. feral pigs near floodplains; Unknown = 
inconspicuous animals never trapped, observed etc; Rare = 1-3 records of any kind; Occasional 
= 4-5 records; Common = more than 5 records; and Seasonally common = large numbers present 
at particular times of year for seasonally available resources e.g. E. miniata nectar. 
Small mammals 1-299g Source Relative 
abundance 
Antechinus bellus Fawn Antechinus ET, WT Common 
Melomys burtoni Grassland Melomys 1 Unknown 
Petaurus breviceps Sugar Glider 1 Unknown 
Phascogale tapoatafa Tuan RK, 1 Rare 
Planigale maculata Common Planigale 1 Unknown 
Pseudomys delicatulus Delicate Mouse ET Rare 
Pseudomys nanus Western ChestnutMouse 1 Unknown 
Rattus colletti Dusky Rat 05 Unknown 
Rattus tunneyi Pale Field-rat 1 Unknown 
Sminthopsis virginiae Red-cheeked Dunnart 1 Unknown 
Medium-sized mammals 300g-6999g 
Dasyurus hallucatus Northern Quoll WT,ET,O,RK Common 
*Pelis catus Feral Cat WT,O, TR Common 
Isoodon macrourus Northern Brown Bandicoot WT Common 
Hydromys chrysogaster Water-rat OS- Unknown 
Mesembriomys gouldii Black-footed Tree-rat WT Rare 
Tachyglossus aculeatus Echidna 0, SC Occasional 
Trichosurus v. arnhemensis Common Brushtail Possum WT Common 
Large mammals > 7kg 
*Bos indicus Cattle 1 Absent 
*Bos taurus Cattle 1 Absent 
*Bubalus bubalis Water Buffalo TR Rare 
Canis familiaris dingo Dingo 0, TR Common 
*Equus asinus Donkey 1 Absent 
*Equus caballus Horse TR Rare 
Macropus agilis Agile Wallaby 0 Rare 
Macropus antilopinus Antilopine Kangaroo 0, SC Occasional 
*Sus scrofa Feral Pig 05 Absent 
Bats 
Chaerepon jobensis 
Chalinolobus gouldii 
Chalinolobus nigrogriseus 
Macroglossus logochilus 
Miniopterus schreibersii 
Nyctophilus arnhemensis 
Nyctophilus walkeri 
Pipistrellus tenuis 
Pteropus alecto 
Pteropus scapulatus 
Scotorepens greyi 
Taphozous flaviventris 
Taphozous kapalgensis 
Taphozous saccolaimus 
Northern Free-tailed Bat 
Gould's Wattled Bat 
Hoary Bat 
Northern Blossom Bat 
Common Bent-wing Bat 
Arnhem.land Long-eared Bat 
Pigmy Long-eared Bat 
Timor Pipistrelle 
Black Flying Fox 
Little Red Flying Fox 
Little Broad-nosed Bat 
Yellow-bellied Sheath.tail Bat 
White-striped Sheathtail Bat 
Naked-rumped Sheath.tail Bat 
1 
1 
1, T/HR 
1 
T/HR 
l, T/HR 
1, T/HR 
1 
0 
05 
T/HR 
1 
1 
1 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
S.common 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
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b) Birds. Birds listed at the study site from opportunistic observations by M. Oakwood and 
ACockbum. 
Milvus migrans 
Milvus sphenurus 
Falco cenchroides 
Coturnix australis 
Burhinus grallarius 
Geopelia placida 
Geopelia cuneata 
Geopelia humeralis 
Geophaps smithii 
Calyptorhynchus banksii 
Cacatua roseicapilla 
Cacatua pastinator 
Cacatua galerita 
Trichoglossus rubritorquis 
Psitteuteles versicolor 
Aprosmictus erythropterus 
Platycercus venustus 
Eudynamys scolopacea 
Centropus phasianinus 
Ninox novaeseelandiae 
Aegotheles cristatus 
Dacelo leachii 
Halcyon macleayii 
Merops ornatus 
Coracina novaehollandiae 
Coracina papuensis 
Microeca flavigaster 
Pachycephala rufiventris 
Myiagra rubecula 
Rhipidura rufiventris 
Rhipidura leucophrys 
Pomatostomus temporalis 
Malurus melanocephalus 
Smicrornis brevirostris 
Gerygone magnirostris 
Gerygone olivacea 
Daphoenositta chrysoptera 
Black Kite 
Whistling Kite 
Australian Kestrel 
Brown Quail 
Bush Thick-knee 
Peaceful Dove 
Diamond Dove 
Bar-shouldered Dove 
Partridge Pigeon 
Red-tailed Black Cockatoo 
Galah 
Little Corella 
Sulphur-crested Cockatoo 
Red-collared Lorikeet 
Varied Lorikeet 
Red-winged Parrot 
Northern Rosella 
CommonKoel 
Pheasant Coucal 
BoobookOwl 
Australian Owlet-nightjar 
Blue-winged Kookaburra 
Forest Kingfisher 
Rainbow Bee-eater 
Black-faced Cuckoo-shrike 
White-bellied Cuckoo-shrike 
Lemon-bellied Flycatcher 
Rufous Whistler 
Leaden Flycatcher 
Northern Fantail 
Willie Wagtail 
Grey-crowned Babbler 
Red-backed Fairy Wren 
Weebill 
Large-billed Gerygone 
White-throated Gerygone 
Varied Sitella 
Climacteris melanura 
Philemon citreogularis 
Entomyzon cyanotis 
Lichenostomus unicolor 
Melithreptus albogularis 
Lichmera indistincta 
Certhionyx pectoralis 
Myzomela obscura 
Pardalotus striatus 
Neochmia ruficauda 
Taeniopygia bichenovii 
Poephila personata 
Poephila acuticauda 
Sphecotheres viridis 
Grallina cyanoleuca 
Artamus cinereus 
Artamus minor 
Cracticus nigrogularis 
Black-tailed Treecreeper 
Little Friarbird 
Blue-faced Honeyeater 
White-gaped Honeyeater 
White-throated Honeyeater 
Brown Honeyeater 
Banded Honeyeater 
Dusky Honeyeater 
Striated Pardalote 
Star Finch 
Double-barred Finch 
Masked Finch 
Long-tailed Finch 
Figbird 
Australian Magpie-lark 
Black-faced Woodswallow 
Little Woodswallow 
Pied Butcherbird 
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c) Reptiles. Reptiles at the study site recorded from traps; pitfall (PT) and wire cage (WT) 
traps, and opportunistic observations (0). 
Family Species Source Total trapped 
Gekkonidae Gehrya australis 0 0 
Heteronotia binoei PT 17 
Agamidae Chlamydosaurus kingii PT 1 
Diporiphora bilineata PT 3 
Diporiphora magna PT 1 
Lophognathus gilberti 0 0 
Varanidae Varanus gouldii WT 1 
Varanus scalaris PT 1 
Varanus panoptes WT 1 
Scincidae Carlia a max PT 11 
Carlia gracilis PT 3 
Carlia munda PT 16 
Cryptoblepharus plagiocephalus PT 4 
Lerista karlschmidti PT 3 
Menetia alanae PT 4 
Menetia greyii PT 1 
Morethia storri PT 17 
Sphenomorphus darwiniensis PT 1 
Sphenomorphus douglasi PT 3 
Sphenomorphus isolepis PT 9 
Tiliqua scincoides 0 0 
Pygopodidae Delma borea 0 0 
Elapidae Acanthophis praelongus 0 0 
Demansia olivaceus 0 0 
Pseudechis australis 0 0 
Boidae Liasis olivaceus 0 0 
Morelia spilota 0 0 
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d) Frogs. Frogs were recorded from pitfall traps (PT) and opportunistic observations within 
5km of the study site (05). 
Family 
Hylidae 
Leptodactylidae 
Reference 
Species 
Cyclorana australis 
Cyclorana longipes 
Litoria bicolor 
Litoria caerulea 
Litoria dahlii 
Litoria nasuta 
Litoria rothii 
Litoria tornieri 
Crinia bilingua 
Limnodynastes ornatus 
Uperoleia sp. 
Source 
05 
PT 
05 
05 
05 
05 
05 
05 
PT 
05 
PT 
Wanganeen, C. (1995). Mammals. Kapalga Faunal List. In 'Kapalga Research Station: Two 
Decades of Research for the Monsoonal Tropics'. (Ed. R. W. Braithwaite.) pp. 79-80. 
(CSIRO: Darwin.) 
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Appendix 4 
Plant species listed by growth form at the Kapalga study site. A The division of Forbs into 
annual and perennial is based on the aerial parts as these are of most relevance to quolls. 
Many of the "annuals" listed here have perennial rootstocks. *=introduced species 
Trees over 10m 
Erythrophleum chlorostachys 
Eucalyptus bleeseri 
Eucalyptus clavigera 
Eucalyptus confertiflora 
Eucalyptus foelscheana 
Eucalyptus miniata 
Eucalyptus polycarpa 
Eucalyptus porrecta 
Eucalyptus tectifica 
Eucalyptus tetrodonta 
Terminalia latipes 
Small Trees 2-lOm 
Acacia aulacocarpa 
Acacia torulosa 
Alphitonia excelsa 
Brachychiton megaphyllus 
Buchanania obovata 
Capparis umbonata 
Cochlospermum fraseri 
Dolichandrone filiformis 
Eucalyptus setosa 
Gardenia megasperma 
Grevillea decurrens 
Grevillea pteridifolia 
Melaleuca nervosa 
Melaleuca viridiflora 
Owenia vernicosa 
Persoonia falcata 
Petalostigma pubescens 
Planchonella pohlmaniana 
Planchonia careya 
Syzygium eucalyptoides ssp. bleeseri 
Syzygium suborbiculare 
Terminalia carpentariae 
Terminalia ferdinandiana 
Xanthostemon paradoxus 
Shrubs 
Acacia difficilis 
Acacia dimidiata 
Acacia mimula 
Acacia oncinocarpa 
Calytrix exstipulata 
Coelospermum reticulatum 
Croton arnhemicus 
Jasminum didymum 
Petalostigma quadriloculare 
Tephrosia purpurea 
Caesalpiniaceae 
Myrtaceae 
Myrtaceae 
Myrtaceae 
Myrtaceae 
Myrtaceae 
Myrtaceae 
Myrtaceae 
Myrtaceae 
Myrtaceae 
Combretaceae 
Mimosaceae 
Mimosaceae 
Rhamnaceae 
Sterculiaceae 
Anacardiaceae 
Capparaceae 
Bixaceae 
Bignoniaceae 
Myrtaceae 
Rubiaceae 
Proteaceae 
Proteaceae 
Myrtaceae 
Myrtaceae 
Meliaceae 
Proteaceae 
Euphorbiaceae 
Sapotaceae 
Lecythidaceae 
Myrtaceae 
Myrtaceae 
Combretaceae 
Combretaceae 
Myrtaceae 
Mimosaceae 
Mimosaceae 
Mimosaceae 
Mimosaceae 
Myrtaceae 
Rubiaceae 
Euphorbiaceae 
Oleaceae 
Euphorbiaceae 
Fabaceae 
Verticordia cunninghamii 
Wrightia saligna 
Forbs - annual A 
Ampellocissus acetosa 
Ampellocissus frutescens 
Borreria exserta 
Calochilus holtzei 
Cartonema parviflorum 
Clerodendrum tatei 
Commelina ensifolia 
Drosera petiolaris 
Glinus oppositifolius 
Goodenia pilosa 
Haemodorum coccineum 
Heliotropium ventricosum 
Hyptis suaveolens 
Mitrasacme sp. 
Murdannia · gigantea 
Nymphaea violaceae 
Thecanthes punicea 
Polygala orbicularis 
Ptilotus conicus? 
Striga curviflora 
Tacca leontopetaloides 
Uraria cylindracea 
Forbs - perennial A. 
Crotalaria montana 
Hybanthus enneaspermus 
Pachynema sphenandrum 
Waltheria indica 
Xyris complanata 
Clim.bersffwiners 
Cassytha filiformis 
Ipomoea coptica 
Ipomoea gracilis 
Ipomoea graminea 
*Passiflora foetida 
Smilax australis 
Vigna lanceolata 
Xenostegia tridentata 
Graminoids 
Arthrostylis aphylla 
Heteropogon triticeus 
]uncussp.? 
Lomandra tropica 
Mnesithea rottboellioides 
Panicum mindanaense? 
Patersonia macrantha 
Pseudopogonatherum contortum 
Setaria apiulata 
Sorghum spp. 
Sowerbaea alliacea 
Myrtaceae 
Apocynaceae 
Vitaceae 
Vitaceae 
Rubiaceae 
Orchidaceae 
Commmelinaceae 
Verbenaceae 
Commelinaceae 
Droseraceae 
Molluginaceae 
Goodeniaceae 
Haemodoraceae 
Boraginaceae 
Lamiaceae 
Loganiaceae 
Commelinaceae 
Nymphaceae 
Thymelaeaceae 
Polygalaceae 
Amaranthaceae 
Scrophulariaceae 
Taccaceae 
Fabaceae 
Fabaceae 
Violaceae 
Dilleniaceae 
Sterculiaceae 
Xyridaceae 
Lauraceae 
Convolvulaceae 
Convolvulaceae 
Convolvulaceae 
Passifloraceae 
Smilaceae 
Fabaceae 
Convolvulaceae 
Cyperaceae 
Poaceae 
Cyperaceae 
Xanthorrhoeaceae 
Poaceae 
Poaceae 
Iridaceae 
Poaceae 
Poaceae 
Poaceae 
Liliaceae 
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Mistletoes 
Amyema bifurcatum 
Amyema sanguineum 
Decaisnina signata 
Fems 
Cheilanthes tenuissima 
Palms 
Livistona humilis 
Livistona inermis 
Pandanus spiralis 
Loranthaceae 
Loranthaceae 
Loranthaceae 
Sinopteridaceae 
Arecaceae 
Arecaceae 
Pandanaceae 
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